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ABSTRACT 

This  paper  describes  the  General  Information  Processing 
System,  a  computer  program  designed  to  serve  a  variety  of 
information  processing  applications.   An  input  deck  to  the 
program  is  composed  of  a  data  base  and  a  description  of  the 
processing  tasks  to  be  performed  on  that  data.   A  typical 
task  would  be  to  screen  the  data  base  according  to  given 
criteria  and  then  output  information  from  the  data  that  met 
the  criteria.   For  output,  the  system  has  flexible  format- 
ting capabilities. 

Included  in  the  paper,  in  Section  II,  is  an  example  of 
a  bibliographical  application,  complete  with  a  listing  of 
the  input  deck  and  the  output  that  was  produced.   Sections 
III  through  VII  contain  detailed  instructions  on  how  to 
prepare  an  input  deck.   A  description  of  system  implemen- 
tation is  contained  in  Section  VIII. 
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I.   INTRODUCTION 

Intelligent  decision  making  is  predicated  on  the  avail- 
ability of  certain  requisite  information.   It  is  this 
"availability  of  requisite  information"  that  has  generated 
a  great  deal  of  interest  in  an  area  of  computer  usage 
called  information  retrieval.   Information  retrieval  systems 
operate  on  a  data  base  that  may  be  either  static  or  dynamic. 
However,  they  usually  conform  to  some  prescribed  organiza- 
tional criteria.   It  is  this  organization  of  the  data  that 
allows  the  system  to  access  the  desired  information. 

Most  bodies  of  information  (data  files)  can  be  organized 
into  logical  entities  (data  records).   For  each  entity  (data 
record)  there  are  a  number  of  attributes  (record  entries), 
the  values  of  which  describe  that  entity.   For  example,  a 
bibliography  is  a  body  of  information  (data  file)  in  which 
publications  (data  records)  are  described  by  the  attributes, 
author,  title,  subject,  etc.,  (record  entries).   For  another 
example,  a  membership  file  (data  file)  is  a  body  of  infor- 
mation which  describes  persons  (data  records)  by  name, 
address,  profession,  etc.,  (record  entries).   Mailing  lists, 
patient  files,  physical  assets  inventories,  and  many  other 
bodies  of  information  could  readily  be  cited  here,  also. 

Within  the  realm  of  information  retrieval  are  Management 
Information  Systems,  Command  and  Control  Systems,  and  Air- 
line Reservation  Systems,  just  to  mention  some  of  the  more 
significant  applications.   Due  to  the  magnitude  and 


complexity  of  these  applications  special  purpose,  computer 
programs  are  written  for  them  so  that  they  can  be  made  to 
operate  more  efficiently.   There  is,  however,  a  large  class 
of  applications  which  cannot  justify  the  expense  of  a 
special  purpose  system  but  still  require  the  capability  of 
information  retrieval.   To  meet  this  need  a  group  of 
General  Information  Retrieval  Systems  have  emerged.   These 
systems  are  designed  to  be  used  for  a  number  of  different 
general  applications. 

References  5,  8,  9,  and  10  are  fairly  detailed  descrip- 
tons  of  General  Information  Retrieval  Systems.   Reference 
7  is  an  excellent  paper  devoted  to  this  subject  and 
includes  discussion  of  19  such  systems.   Reference  1  des- 
cribes the  BASIC  INFORMATION  PROCESSOR  which  was  the  fore- 
runner of  the  system  presented  in  this  paper. 

The  General  Information  Processing  System  (GIPSY) 
described  here  is  designed  to  perform  this  type  of  non- 
arithmetic  processing.   It  was  intended  to  be  flexible 
enough  that  it  might  be  used  for  numerous  applications  and 
simple  enough  for  user  convenience.   The  system  was  imple- 
mented in  PL/1  [Refs.  2,  3,  and  4]  since  its  capabilities 
along  these  lines  simplified  the  programming  chore. 

This  paper  will  begin  with  an  illustrative  example  of 
GIPSY  applied  to  a  bibliography,  to  give  the  reader  an  idea 
of  how  it  is  used  and  what  it  can  do.   Then  the  details 
about  the  input  deck,  the  data  to  be  processed,  the  output 


format,  screening,  and  other  control  cards  will  be  discussed. 
The  manner  in  which  the  system  was  implemented  will  be 
desci'ibed  next,  followed  by  a  few  brief  concluding  remarks. 


II.   A  BIBLIOGRAPHY  EXAMPLE 

The  application  which  motivated  the  development  of  GIPSY 
was  the  maintenance  of  a  bibliography  for  research.   This 
bibliography  contained  several  hundred  references.   However, 
three  were  chosen  as  being  typical  of  the  references  in 
the  bibliography.   These  three  references  were  used  in  the 
development  and  testing  of  GIPSY  and,  therefore,  were  con- 
venient to  use  in  the  following  example. 

A.   THE  INPUT  DATA 

In  this  example,  the  data  base  consists  of  the  entire 
deck  of  cards  used  as  data  for  GIPSY.   The  data  file  is  made 
up  of  the  data  describing  these  three  references,  thus  each 
reference  is  one  record  in  the  data  file.   Each  record  is, 
in  turn,  described  by  twelve  entries,  the  twelfth  entry 
is  a  remarks  section  and  could  contain  as  many  as  seven 
paragraphs.   Figure  1  contains  a  listing  of  the  input  deck 
used  for  this  example. 

A  glance  at  Figure  1  reveals  the  general  make-up  of  the 
input  deck.   The  cards  that  have  a  '*'  punched  In  column 
one  are  control  cards  which  cause  GIPSY  to  branch  to  that 
section  of  the  program  which  is  to  process  the  cards  that 
follow  until  the  next  control  card  is  encountered.   All 
cards  are  begun  in  column  one  and  any  continuation  cards 
are  begun  in  column  six.   The  V  (slash)  character  is  a 
reserved,  special  character,  and  as  such  is  used  by  GIPSY 
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in  a  variety  of  ways.   Though  not  readily  apparent  at  this 
point,  the  input  deck  can  be  logically  divided  into  four 
groupings . 

The  first  such  group  begins  with  the  *SETUP  card  and 
ends  with  the  first  appearance  of  the  *EOF  card.   This  group 
provides  GIPSY  with  the  necessary  information  to  set  up 
the  original  data  structure.   The  *SETUP  card  and  the  three 
cards  that  follow  provide  an  estimate  of  the  total  number 
of  cards  that  make  up  the  input  deck,  an  estimate  of  the 
total  number  of  records  in  the  data  file,  the  maximum 
number  of  entries  in  any  one  record,  and  names  to  be 
assigned  to  each  entry.   For  example,  entry  number  one  is 
to  be  named  "AUTHOR,"  entry  number  two  is  to  be  named 
"TITLE,"  etc.  . 

The  *DATA  card  and  all  the  cards  that  follow  down  to 
and  including  the  *EOF  card  complete  this  first  group. 
Between  these  two  control  cards  are  the  actual  reference 
descriptions  that  make  up  the  data  file.   The  data  punched 
in  columns  77-80  is  not  included  in  the  data  record,  but 
is  treated  as  a  special  program  variable  and  can  be  used 
in  a  variety  of  ways  ,  in  this  example  it  was  used  to  contain 
an  identification  number  for  each  record.   Now  that  the  data 
structure  has  been  set  up,  the  remaining  groupings  describe 
information  processing  tasks  to  be  performed  by  GIPSY. 

B.   PROCESSING  THE  DATA 

The  first  of  these  task  descriptions  includes  the  cards 
down  to  and  including  the  first  *PRINT  card.   The  *F0RMAT 
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card  marks  the  beginning  of  a  description  of  the  format  to 
be  used  whenever  any  information  is  to  be  output  and  the  *EOF 
card  marks  the  end  of  the  format  specification.   The  *PRINT 
card  tells  GIPSY  to  print  all  the  records  in  the  data  file 
according  to  the  most  recent  format  specified.   Figures 
2,  3 s  and  4  are  copies  of  the  printouts  obtained  when  this 
section  of  the  program  was  executed. 

The  next  logical  grouping,  which  continues  down  to  and 
including  the  next  *PRINT  card,  is  similar  to  the  previous 
group.   It  also  requires  that  all  records  be  printed;  how- 
ever, this  time  the  format  was  changed.   Figure  5  is  a 
copy  of  the  results  of  the  execution  of  this  section  of  the 
program. 

All  the  remaining  cards  in  the  deck  except  the  last 
one,  *ENDJOB,  make  up  the  last  group.   However,  this  last 
group  can  be  further  divided  into  three  subsections  predi- 
cated on  three  related  tasks.   Before  these  tasks  begin, 
the  ^CHANGE  card  and  the  card  immediately  following  cause 
the  program  variable  named  "COUNTER,"  which  counts  the 
number  of  records  that  have  been  printed,  to  be  reset  to  0. 

The  screen  card  marks  the  beginning  of  the  first  task 
and  indicates  that  the  next  card  contains  the  screening 
criteria  to  be  used  whenever  a  screen  is  indicated.   In  this 
case,  it  would  look  for  the  first  occurrrence  of  the  charac- 
ter string  'SIM'  anywhere  in  the  entry  named  "DESCRIPTORS." 
This  screening  criteria  is  to  remain  in  effect  until  changed 
by  a  new  ^SCREEN  card  or  until  the  program  is  terminated. 
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Next  the  *HEADING  card  causes  a  new  page  to  be  ejected  by 
the  printer  and  the  heading  "SIMULATION  REFERENCES'"  to 
be  printed  starting  in  column  49  of  the  twelfth  line  down 
from  the  top  of  the  page.   Next  the  ^FORMAT  card  marks  the 
beginning  of  new  format  specifications  for  subsequent 
printings.   Finally  the  *PRINT  SCREEN  card  tells  GIPSY  to 
print  only  those  records  that  satisfy  the  prevailing 
screening  criteria  and  print  them  according  to  the  latest 
format  information  provided. 

The  second  task  begins  with  a  new  *HEADING  card  which 
causes  10  lines  on  the  current  page  to  be  skipped  and  the 
text  "SIMULATION  REFERENCES  NOT  LOCATED  AT  GEH"  to  be 
printed  beginning  in  column  38.   Next,  new  screening 
criteria  is  encountered  which  replaces  the  previous  one. 
Once  again  a  *PRINT  SCREEN  card  causes  the  records  to  be 
subjected  to  the  prevailing  screen  and  the  ones  that  satisfy 
it  to  be  printed.   Note  that  a  new  format  was  not  specified, 
therefore,  the  records  that  passed  this  latest  screen  will 
be  printed  in  exactly  the  same  format  as  were  the  ones  in 
the  previous  section. 

The  last  task  in  this  group,  the  *PRINTCOUNTER  card, 
causes  10  lines  on  the  current  page  to  be  skipped  and  the 
number  of  records  that  satisfactorily  passed  both  of  the 
screens  to  be  printed  starting  in  column  28  followed 
immediately  by  the  text  "REFERENCES  MET  SCREENING  CRITERIA." 
Figure  6  is  a  copy  of  the  results  of  the  execution  of  these 
three  tasks. 
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Finally,  the  last  card  in  the  deck,  *ENDJOB,  causes 
the  printer  to  eject  a  new  page  and  print  the  message  "END 
OF  JOB"  across  the  top  of  the  new  page. 

The  total  amount  of  computer  time  required  to  produce 
Figures  2  through  6,  utilizing  the  data  deck  as  it  appears 
in  Figure  1,  was  1.5  seconds.   A  certain  amount  of  this 
time  is  fixed  overhead,  and  computer  time  would  not  increase 
proportionally  as  the  data  base  and/or  the  number  of  tasks 
are  increased.   For  example,  when  the  data  file  was 
expanded  to  222  references  and  was  processed  according 
to  these  same  requirements,  the  computer  time  expended  was 
73.6  seconds. 

C.   THE  BIBLIOGRAPHY  DATA  FORM 

Figure  7  is  an  example  of  a  form  that  was  used  in  the 
preparation  of  the  data  for  the  bibliography  mentioned 
above.   Once  the  user  has  decided  upon  his  file  organization 
a  form  similar  to  Figure  7  can  be  reproduced  inexpensively. 
This  form  can  then  be  used  during  data  accumulation  and 
can  then  be  used  to  keypunch  the  data  onto  cards. 
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III.   THE  INPUT  DECK 

As  can  be  seen  from  the  example  in  Figure  1,  an  input 
deck  for  GIPSY  consists  of  numerous  control  cards  (with  a 
star  in  column  1)  interspersed  with  the  data  to  be  processed 
and  other  information.   The  typical  order  of  input  is  to 
name  the  entries  and  then  furnish  the  data  to  be  processed. 
Next,  specify  a  format  and  maybe  a  screen  and  then  produce 
some  output.   Then  specify  either  a  new  format  or  a  new 
screen  or  both  and  then  produce  more  output.   This  may  be 
done  any  number  of  times.   Also,  cards  may  be  included  to 
print  headings  and  to  control  various  program  variables. 
It  is  also  possible  to  enter  a  new  batch  of  data,  with  or 
without  renaming  the  entries. 

A.   OS/360  REQUIREMENTS 

To  process  an  input  deck  to  GIPSY  on  the  computer  at 
the  Naval  Postgraduate  School,  various  OS/360  control  cards 
are  required.   If  the  program  is  to  be  run  utilizing  a 
source  deck,  then  the  following  are  the  control  cards  that 
are  needed: 

//  (User's  Green  Job  Card) 

//  EXEC  PL1LFCLG, REGION.  GOxxxK^TIME  .  GOxx 
//PL1L.SYSIN  DD  * 
(Source  Deck) 
//GO.SYSIN  DD  * 
(User's  Input  Deck) 
/*  (Salmon  Colored) 
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To  process  an  input  deck  utilizing  a  source  deck 
requires  that  the  program  be  compiled  and  link  edited  each 
time  that  it  is  run.   These  two  steps  require  approximately 
50  seconds  of  computer  time.   To  save  this  unnecessary  use 
of  computer  time  and  also  to  spare  the  user  the  inconvenience 
of  repeated  handling  of  a  large  source  deck,  GIPSY  has  been 
compiled,  linked  edited,  and  stored,  as  an  object  module, 
on  the  IBM  231^  disk  named  "MARY."   As  a  result,  the  only 
computer  time  required  is  that  needed  to  process  the  input 
deck  and  the  only  cards  required  are  those  that  make  up  an 
input  deck  to  GIPSY.   The  following  are  the  control  cards 
needed  to  process  an  input  deck  utilizing  the  program 
stored  on  the  disk: 
//  (USERS  GREEN  JOB  CARD) 

//JOBLIB  DD  DSN=F08^9. GIPSY, VOL=SER=MARY,UNIT=231i*  ,DISP=OLD 
//  EXEC  PGM=GIPSY,REGION=xxxK,TIME=xx 
//SYSPRINT  DD  SYSOUT=A ,SPACE= (TRK, ( xxx, xxx) ,RLSE) , 

//  DCB=(RECFM=FB,LRECL=133,BLKSIZE=3325) 

//SYSIN  DD  * 

(USERS  INPUT  DECK) 

/*  (SALMON  COLORED) 

The  x's  in  the  above  cards  represent  the  time  and  storage 

requirements  of  the  program  and  the  input  deck.   These 

parameters  will  vary  depending  on  the  application.   The 

region  size  may  be  approximated  as  follows:   GIPSY=150K  plus 

32K  for  each  allocation  of  WORD(i).   (See  sections  III-B  and 

VIII-B  for  an  explanation  of  WORD.) 


25 


B.   SETTING  UP  THE  PROGRAM 

The  first  part  of  the  input  deck  sort  of  "sets  the 
stage"  by  providing  GIPSY  with  certain  information  neces- 
sary to  set  up  and  get  ready  to  process  the  data.   Thus, 
it  is  mandatory  that  the  first  card  in  the  input  deck  be 
a  card  with  *SETUP  punched  in  columns  1-6  (unless  just 
the  listing  described  in  Section  III-D  is  desired). 

There  are  eight  program  variables  used  to  allocate 
storage  and  to  dimension  other  variables.   The  user  furnishes 
GIPSY  with  a  rough  description  of  his  data  in  order  that 
efficient  use  of  storage  can  be  effected.   The  following  is 
a  description  of  these  variables. 

CARDS  -  This  is  to  be  an  estimate  of  the  total  number 
of  cards  in  the  input  deck.   Default  value  is 
480. 
COLS   -  This  is  an  estimate  of  the  average  number  of 
columns  used  per  card  to  furnish  the  data  in 
the  input  deck.   Default  value  is  70.   This 
variable  is  multiplied  by  CARDS  in  the  program 
to  arrive  at  the  total  number  of  bytes  to 
allocate  to  the  program.   Thus,  this  sets  an 
upper  limit  on  the  size  of  the  user's  data 
deck . 
ESTIMATE  -  This  variable  is  used  for  dimensioning  pur- 
poses and  is  an  estimate  of  the  number  of  data 
records  in  the  data  file.   Default  value  is  100. 
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This  variable  sets  an  upper  limit  on  the  number 
of  records  in  a  data  file. 
ENTITY  -  The  value  assigned  to  this  variable  is  the 
actual  number  of  entries  that  make  up  a  data 
record.   Default  value  is  10. 
NOLINES  -  This  gives  the  maximum  number  of  logical 

lines  to  be  described  in  any  format  specifi- 
cation.  Default  value  is  the  value  of  ENTITY; 
(see  Section  V) . 
IDCOL  -  The  value  assigned  to  this  variable  is  the 
column  number  in  which  the  special  field  on 
the  input  cards  is  to  begin.   This  variable  is 
further  described  in  Sections  IV-B.   Default 
falue  is  77. 
SIZE   -  This  variable  specifies  the  field  width  desired 
to  output  the  value  of  COUNTER.   Default  value 
is  3.   COUNTER  is  always  an  integer,  right 
justified  in  this  field. 
COLOR  -  This  variable  specifies  the  number  of  times  an 
item  is  to  be  printed  when  over-printing  is 
specified  in  an  output  format.   Default  value 
is  3. 
The  value  assigned  to  each  of  these  variables  must  be  a 
decimal  integer.   The  card  containing  these  variables  and 
their  values  must  follow  the  *SETUP  card.   The  format  for 
this  card  is:   VARIABLE=VALUE ,  VARIABLE=VALUE,  etc.;  and 
may  be  continued  on  as  many  cards  as  is  necessary,  with 
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the  variables  and  their  values  being  separated  by  commas 
and  a  semicolon  terminating  the  list.   If  no  values  are 
assigned  and  default  values  are  desired  then  a  card  with 
a  semicolon  punched  anywhere  must  be  included  at  this  point 
in  the  input  deck. 

C.   NAMING  THE  ENTRIES 

The  final  requirement  of  the  *SETUP  card  is  that  names 
must  be  given  to  each  of  the  entries  that  describe  a  data 
record  (author,  title,  publication,  etc.  in  the  bibliography 
example).   These  names  may  then  be  used  to  refer  to  entries 
when  specifying  a  screen,  outputting  information,  etc.. 
Entry  names  are  restricted  to  being  alphanumeric  character 
strings  of  length  less  than  or  equal  to  50  characters. 
That  is,  names  cannot  contain  blanks  or  special  characters, 
and  the  first  character  of  the  name  must  be  an  alphabetical 
character.   A  further  restriction  is  that  entry  names  may 
not  be  any  of  the  following:   IN,  AT,  GT,  LT,  GE,  LE,  EQ, 
NE,  OR,  AND,  NOT.   Entry  names  are  punched  with  the  first 
name  beginning  in  column  1  of  the  first  card,  and  are 
separated  by  slashes.   Note  that  blanks  may  not  appear 
between  slashes  as  they  would  be  interpreted  as  being  part 
of  that  character  string  and  blanks  are  not  permissable 
characters . 

No  characters  may  be  punched  in  or  after  the  column 
specified  by  IDCOL  on  the  previous  card.   If  the  list  of 
names  will  not  fit  on  one  card,  as  many  continuation  cards 
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may  be  used  as  is  necessary.   The  list  may  be  broken 
between  any  two  entry  names,  immediately  after  the  slash. 
The  first  character  of  the  next  name  begins  in  column  6 
of  the  next  card,  and  so  on  until  the  list  has  been  com- 
pleted.  These  cards  are  to  immediately  follow  the  cards 
described  above,  in  the  input  deck.   The  reader  is  referred 
to  Figure  1  for  an  example  of  how  the  *SETUP  group  of 
cards  should  look. 

D.   INPUT  DECK  LISTING 

GIPSY  has  a  limited  capability  of  providing  the  user 
with  a  listing  of  his  input  deck.   To  cause  a  listing  to 
be  printed,  a  card  may  be  inserted  with  *LIST  punched  in 
columns  1-5  between  the  JCL  cards  and  the  first  card  in 
the  input  deck.   The  result  will  be  that  all  cards  in 
the  input  stream,  beginning  with  the  one  immediately 
following  the  *LIST  card  and  ending  with  the  one  immediately 
in  front  of  the  salmon  colored  /*  card,  will  be  printed. 
The  program  will  then  terminate  normally,  without  any 
further  processing. 
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IV.   THE  DATA  TO  BE  PROCESSED 

The  data  to  be  processed  would  normally  be  the  greatest 
part  of  the  input  deck.   The  only  limit  on  the  number  of 
records  that  can  be  processed  is  the  amount  of  core  storage 
available  to  the  user.   Each  data  record  consists  of  values 
for  the  entries  named  in  the  *SETUP  section.   The  data 
would  normally  follow  the  *SETUP  group  and  is  preceded  by 
a  control  card  with  *DATA  punched  in  columns  1-5.   Another 
control  card  with  *EOF  punched  in  columns  1-4  is  required 
to  mark  the  end  of  the  data  file. 

A.   THE  DATA  CARDS 

A  data  record  is  punched  on  a  set  of  cards.   Since  the 
only  limitation  on  the  size  of  a  record  is  that  its  total 
length  be  less  than  3000  characters,  as  many  cards  as  are 
needed  may  be  used,  with  the  data  beginning  in  column  1  of 
the  first  card  and  in  column  6  of  all  others.   Data  should 
not  be  punched  in  or  after  the  column  specified  by  IDCOL 
(to  be  discussed  later  in  this  section). 

Entries  are  separated  by  slashes.   Consequently,  all 
characters  appearing  between  two  slashes  are  taken  as  being 
constituents  of  that  entry,  the  only  exception  being  when 
breaking  an  entry  for  continuation  on  the  next  card.   If 
the  last  character  punched  on  the  card  is  a  slash,  then  no 
blanks  are  assumed  and  whatever  appears  in  column  6  of  the 
next  card  is  treated  as  the  first  character  of  the  next 
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entry.   If,  on  the  other  hand,  the  break  occurs  in  the 
middle  of  an  entry,  one  blank  is  assumed  between  the  last 
non-blank  character  on  the  card  and  the  character  in 
column  6  of  the  next  card. 

There  must  be  a  one-to-one  correspondence  between  the 
entries  named  in  the  *3ETUP  section  and  the  entries  in  a 
data  record.   To  maintain  this  correspondence,  when  a  record 
contains  a  null  entry,  a  slash  is  punched  in  the  next 
column  following  the  slash  that  marks  the  end  of  the  previous 
entry.   If  these  null  entries  occur  at  the  end  of  the 
data  record  then  the  slashes  may  be  omitted  since  GIPSY  will 
automatically  regard  them  as  null. 

If  the  first  two  entries  in  a  data  record  were  null, 
then  slashes  would  appear  in  columns  1  and  2.   However,  this 
would  result  in  the  computer  interpreting  that  card  as  a 
OS/360  JCL  card,  and  the  program  would  terminate.   One 
way  to  avoid  this  problem  is  to  assign  a  blank  to  either 
one  of  these  entries . 

B.   THE  "IDENT"  FIELD 

Column  IDCOL  to  column  80  on  the  first  card  of  every 
data  record  is  handled  specially.   The  contents  of  this 
field  are  stored  in  a  character  variable  of  length 
(80-IDCOL)  +  1  and  may  be  accessed  by  the  user  through 
the  variable  IDENT.   In  the  bibliography  example,  this 
field  was  used  to  contain  an  identification  number  for  each 
record  and  IDCOL  had  the  value  77  (by  default).   Of  course, 
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as  this  field  becomes  larger  it  reduces  the  number  of 
columns  that  may  be  used  for  data  on  every  card. 
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V.   THE  OUTPUT  FORMAT 

The  format  of  the  output  from  GIPSY  is  very  flexible, 
but  its  specification  is  the  most  difficult  part  of  the 
input  deck  to  prepare.   Fortunately,  there  usually  would  be 
only  a  few  standard  formats  of  interest  in  any  particular 
application  of  the  system,  and  these  would  have  to  be  made 
up  only  once.   Before  proceeding,  the  difference  between  a 
"locical"  line  of  output  and  a  "physical"  line  of  output 
should  be  understood.   A  "physical"  line  consists  of  a 
maximum  of  132  characters  and  is  one  actual  line  produced 
by  the  line  printer.   A  "logical"  line  is  a  line  as  speci- 
fied by  the  user  and  may  contain  so  many  characters  that 
it  requires  several  "physical"  lines  to  actually  print  it. 

A  complete  format  specification  describes  one  or  more 
logical  lines,  and  the  description  of  each  logical  line  is 
contained  on  two  or  more  punched  cards.   A  control  card 
with  ^FORMAT  punched  in  columns  1-7  marks  the  beginning 
of  a  format  specification,  and  a  control  card  with  *EOF 
punched  in  columns  1-4  marks  the  end. 

The  specification  of  a  logical  line  can  be  thought  of 
as  having  two  components,  the  form  of  the  line  and  the 
content  of  the  line.   The  form  of  the  line  is  required  for 
every  logical  line  and  is  described  on  two  cards  hereafter 
referred  to  as  form  cards.   The  content  of  the  line  is 
described  on  one  or  more  cards  hereafter  referred  to  as 
content  cards. 
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A.   FORM  OF  THE  LINE 

It  is  convenient  for  the  discussion  if  the  two  form 
cards  are  envisioned  as  being  placed  end-to-end,  next  to 
each  other  so  that  they  make  up  a  field  of  160  columns. 
The  first  133  columns  of  this  field  (all  of  the  first  card 
and  columns  1-53  of  the  second)  then  represent  the  133 
print  positions  on  the  line  printer.   The  remaining  27 
columns  are  divided  into  numerous  small  fields  that  will 
be  described  in  Section  B  below. 

A  slash  must  always  be  punched  in  column  one  of  the 
first  form  card  in  each  logical  line,  the  remaining  132 
columns  are  then  available  to  the  user.   These  132  columns 
represent  print  positions  and  may  be  filled  by  three  types 
of  characters:   blanks,  text,  and  variables.   Text  is  writ- 
ten into  the  print  positions  where  it  is  desired  to  have  it 
appear.   Slashes  may  not  be  used  in  the  text  since  they  are 
used  to  indicate  the  first  print  position  for  a  variable 
which  is  defined  on  the  associated  content  cards.   Blanks 
are  used  as  text  to  be  printed  or  as  spacers  for  the 
variables . 

Since  a  slash  marks  the  print  position  for  the  first 
character  of  the  variable,  it  must  be  followed  by  a  suf- 
ficient number  of  blanks  to  allow  the  placement  of  the 
value  of  the  variable  in  that  space,  before  the  occurrence 
of  the  next  slash  or  the  next  character  of  text.   If  the 
variable  called  for  is  too  long  to  fit  on  the  remainder 
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of  the  physical  line,  continuation  is  provided  for  as  will 
be  described  shortly. 

B.   FORMAT  PARAMETER  FIELDS 

The  remaining  27  columns  of  the  second  form  card  for 
each  logical  line  must  contain  the  following  information  : 

Column  55:   A  slash  in  this  column  indicates  that  there 
is  no  content  card  associated  with  this  log- 
ical line.   A  blank  in  this  column  indicates 
that  the  next  card  in  the  input  deck  is  the 
content  card  that  defines  the  variables  pro- 
vided for  on  these  form  cards. 

Column  56:   A  slash  in  this  column  indicates  that  when 
a  variable  called  for  in  this  logical  line 
evaluates  to  the  null  string,  printing  of 
all  text  since  the  processing  of  the  previous 
variable  and  any  associated  text  on  the 
content  card  is  to  be  suppressed.   A  blank 
indicates  that  there  is  to  be  no  suppression 
of  any  printing  in  this  logical  line. 

Column  57:   A  slash  indicates  that  each  time  this  log- 
ical line  is  processed  the  resulting  print- 
ing is  to  begin  on  a  new  page.   A  blank 
indicates  that  continuation  on  the  same  page 
is  desired. 

Column  59:   A  slash  indicates  that  this  logical  line  is 
a  page  heading  and  is  to  be  printed,  as  des- 
cribed, each  time  a  nev;  page  is  ejected. 
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This  logical  line  must  be  less  than  or  equal 
to  one  physical  line  and  variables  cannot  be 
included.   As  many  page  heading  lines  may 
be  indicated  as  is  desired.   A  blank  indi- 
cates that  this  logical  line  is  not  a  page 
heading. 

Column  61:   A  slash  indicates  that  all  text  appearing 

in  this  logical  line  is  to  be  over-printed. 
The  result  is  that  the  text  will  be  in  much 
darker  print  than  the  variables.   A  blank 
indicates  that  no  over-printing  is  desired. 

Column  63-64:   A  decimal  integer,  right  justified,  must 
be  supplied  which  indicates  the  number  of 
blank  lines  that  are  to  be  inserted  between 
the  last  line  of  the  previous  logical  line 
printed  (or  the  top  of  the  page)  and  the 
first  line  printed  from  this  logical  line. 
This  field  cannot  be  left  blank. 

Columns  69-70:   A  decimal  integer,  right  justified,  must 
be  supplied  which  indicates  the  last  physi- 
cal line  on  the  page  on  which  printing  from 
this  logical  line  may  take  place,  and  after 
which  no  printing  is  to  take  place.   There 
can  be  a  maximum  of  59  physical  lines  on  a 
page.   This  field  cannot  be  left  blank. 

Columns  72-7^:   A  decimal  integer,  right  justified,  must 
be  supplied  which  indicates  the  column  in 
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which  printing  is  to  begin  if  additional 
physical  lines  are  required  to  contain  this 
logical  line  (indentation  for  continuation 
lines).   This  field  cannot  be  left  blank. 

Columns  76-78:   A  decimal  integer,  right  justified, 
which  indicates  the  column  number  after 
which  no  printing  is  to  take  place  for  all 
physical  lines  in  this  logical  line.   This 
field  cannot  be  left  blank. 

Column  80 :   A  slash  indicates  that  this  logical  line 

is  to  be  used  only  once,  the  first  time  the 
printing  section  is  entered  (for  example, 
a  title  page  on  a  report).   This  logical 
line  must  be  less  than  or  equal  to  one 
physical  line  and  variables  cannot  be 
included.   As  many  logical  lines  of  this 
type  may  be  specified  as  is  desired.   A 
blank  indicates  that  this  logical  line  is 
not  to  be  used  in  this  manner. 

C.   CONTENT  OF  THE  LINE 

The  content  cards,  associated  with  a  logical  line  and 
its  associated  form  cards,  are  used  to  supply  the  variables 
that  are  to  be  processed  with  the  logical  line.   A  content 
card  may  be  thought  of  as  being  divided  into  fields.   Within 
each  field  there  may  appear  literals,  variables,  and/or 
conditional  expressions.   To  each  slash  on  the  form  card 
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(in  a  print  position)  there  must  correspond  a  field  on  the 
content  card.   However,  any  number  of  fields  may  be  con- 
catenated to  form  a  new  field. 

The  basic  ingredient  in  any  field  is  a  variable  which 
may  be  any  entry  name  or  one  of  the  program  variables: 
IDENT,  COUNTER,  or  PAGENO.   Entry  names  and  IDENT  have  been 
previously  discussed,  COUNTER  and  PAGENO  will  be  defined 
at  this  point  before  continuing  with  the  description  of 
the  fields. 

In  GIPSY  there  is  a  variable  named  COUNTER  which  is 
incremented  by  one  each  time  a  data  record  is  processed 
for  printing.   COUNTER  is  set  to  zero  each  time  the  *SETUP 
and  the  *PRINTCOUNTER  control  cards  are  processed.   COUNTER 
may  be  set  to  any  value  by  the  user  utilizing  the  *CHANGE 
control  card  (see  Section  VII-A) .   COUNTER  can  be  used  in 
two  ways:   to  count  the  number  of  records  that  success- 
fully pass  a  given  screen  and/or  to  number  the  records  as 
they  are  printed.   PAGENO  is  the  GIPSY  variable  that  keeps 
track  of  the  page  numbers  of  pages  that  are  printed.  PAGENO 
is  initialized  each  time  the  program  processes  the  *PRINT 
control  card.   All  pages  printed  are  counted,  except  the 
pages  that  are  used  in  a  manner  similar  to  a  title  page  (a 
slash  in  column  80  of  the  second  format  card).   Pages  are 
counted  even  though  page  numbering  is  not  called  for. 

Literals  may  be  defined  as  any  character  that  appears 
in  the  field  and  it  is  not  one  of  the  variables  defined 
above  or  it  is  not  a  conditional  expression.   It  is 
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especially  efficient  if  the  literals  are  enclosed  in  single 

quotes.   In  the  case  of  alphanumeric  literal  strings,  it 

is  imperative  that  they  be  enclosed  in  single  quotes. 
Example : 

Literals 


4f         v  si  I- 

COUNTER./   "TITLE"//',  NUMBER  OF  PAGES  =  'PAGES/ 

* t-  ___  * 

Variables 


If  the  fourth  record  was  being  processed,  and  its  title  was 
"SIMULATION"  and  it  contained  3^  pages,  then  the  following 
output  would  be  produced:   4.   "SIMULATION,"  NUMBER  OF 
PAGES  =  34, 

A  conditional  expression  is  enclosed  in  angular  brackets 
and,  in  general  terms,  says  to  print  certain  information 
only  if  a  certain  condition  is  satisfied.   Inside  the  angu- 
lar brackets  the  information  to  be  printed  is  separated 
from  the  condition  by  a  slash.   Literals  and  variables,  as 
defined  above,  may  appear  between  the  left  angular  bracket 
and  the  slash.   They  will  be  printed  only  if  the  condition 
defined  to  the  right  of  the  slash  is  satisfied.   Immediately 
following  the  slash  must  appear  either  a  "+"  or  a  "-" 
followed  immediately  by  a  variable  name,  as  defined  above, 
followed  immediately  by  the  right  angular  bracket.   The  "+" 
is  interpreted  as  "if  the  following  variable  is  not  null," 
the  "-"  is  interpreted  as  "if  the  following  variable  is 
null."   Roughly  speaking,  a  "+"  says  if  something  is  in 
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the  variable  and  the  "-"  says  if  nothing  is  in  the  variable. 

Example : 

entry  names 
I 1 

a.  <PUBLICATION/-TITLE> 

This  example  says  to  print  the  contents  of  the  entry  named 
"PUBLICATION"  if  the  contents  of  the  entry  named  "TITLE"  is 
the  null  string. 

literals   entry  name 

4        I 

b.  <' PAGES  =  V+PAGES> 

This  example  says  to  print  the  character  string  'PAGES  =  ' 
if  the  contents  of  the  entry  named  "PAGES"  is  not  the  null 
string. 

Fields  are  separated  by  slashes.   Two  fields  may  be 
concatenated  by  separating  them  by  two  slashes  instead  of 
one  slash.   This  merges  the  two  fields  into  one  field 
which  has  a  corresponding  slash  in  a  print  position  on 
the  associated  form  card.   Content  cards  are  punched  with 
the  first  field  beginning  in  column  one  of  the  first  content 
card  and  must  end  before  column  IDCOL.   If  the  content  line 
is  too  long  to  fit  on  one  card,  it  may  be  continued  by 
breaking  the  string  immediately  after  a  slash  and  punching 
the  next  character  in  column  six  of  the  next  card.   This 
process  is  repeated  until  the  entire  content  line  has  been 
specified.   Example: 

COUNTER./  AUTHOR,//  "TITLE,"//  PUBLICATION,//  PUBLISHER// 
<(/-PUBLISHER>DATE<./+PUBLISHER><'),  'PAGES./  -PUBLISHER  >/ 
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This  example  says  to  print  the  value  of  the  counter, 
followed  by  a  period,  in  the  column  indicated  by  the  first 
slash  on  the  form  card.   Then  in  the  next  print  position 
marked  by  a  slash  on  the  form  card,  print  the  author's 
name  followed  by  the  title  and  a  comma,  all  in  double 
quotes,  concatenated  with  a  blank  followed  by  the  name  of 
the  publication  and  a  comma,  concatenated  with  a  blank 
followed  by  the  publisher  and  a  comma.   Next,  the  date  is 
to  be  concatenated.   If  the  publisher  is  null,  then  the 
date  is  to  be  parenthesized  followed  by  a  comma,  a  blank, 
the  number  of  pages  and  a  period.   If  the  publisher  Is  not 
null,  then  the  date  is  simply  to  be  followed  by  a  period. 
Figure  5  is  the  output  produced  by  this  example. 

D.   ORGANIZATION  OF  THE  FORMAT  SPECIFICATIONS 

The  organization  of  the  format  specifications  requires 
that  any  form  cards  that  are  to  specify  a  title  page  must 
be  the  first  cards  immediately  following  the  ^FORMAT  card. 
Next  must  come  any  form  cards  that  specify  a  page  heading. 
All  cards  that  come  after  this  point  are  cycled  through  for 
each  record  processed  for  printing.   Therefore,  next  would 
come  the  first  and  second  form  cards  and  then  the  content 
card  for  the  first  logical  line.   Next  would  come  the  cards 
for  the  second  logical  line,  and  so  on  until  the  entire 
format  has  been  specified.   The  only  limit  on  the  number  of 
logical  lines  in  a  format  specification  is  the  value 
assigned  to  the  variable  NOLINES  in  the  *SETUP  section. 
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If  page  numbering  is  desired  then  its  format  must  be 
provided  for  by  the  user.   The  variable  PAGENO  described 
above  is  indicated  on  the  associated  content  card.   Any 
text  may  appear  on  the  form  cards.   However,  PAGENO  is 
the  only  variable  that  can  be  specified,  and  the  length  of 
the  logical  line  must  be  less  than  or  equal  to  one  physical 
line.   Page  numbering  can  only  be  accomplished  as  the  last 
printing  to  take  place  on  a  page.   The  decimal  integer 
specified  in  columns  63  and  64  on  the  second  format  card 
of  a  page  numbering  specification  is  interpreted  as  the 
number  of  the  line  on  the  page  that  the  page  number  is  to 
appear.   This  number  must  be  less  than  or  equal  to  the 
number  in  columns  69  and  70.   The  page  number  logical  line 
may  occur  anywhere  in  the  format  specification. 
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VI.   SCREENING 

A  screen  in  GIPSY  is  a  boolean  expression  which  states 
a  condition  that  a  data  record  must  satisfy  in  order  to 
be  included  in  the  output.   This  feature  is  the  key  to  the 
usefulness  of  a  system  like  this,  in  that  it  makes  it  easy 
to  obtain  listings  of  various  cross-sections  of  the  data 
being  processed,  such  as  all  references  on  a  specific  sub- 
ject in  a  bibliography  or  all  members  with  a  certain 
attribute  in  a  membership  list.   A  screen  specification 
consists  of  a  ^SCREEN  card  followed  by  one  or  more  cards 
with  a  boolean  expression. 

A.   SIMPLE  BOOLEAN  EXPRESSIONS 

A  simple  boolean  expression  is  of  the  form:  'character 
string'  relational  operator  entry  name.   The  character 
string  can  be  any  group  of  characters,  including  blanks  but 
not  including  single  quotes.   It  is  the  character  string 
that  will  be  tested  for  according  to  the  type  of  relation. 
The  entry  name  can  be  any  of  those  given  in  the  *SETUP 
section  or  an  abbreviation  of  one,  made  up  from  its  leading 
characters.   If  an  abbreviation  is  used,  it  must  be  long 
enough  to  distinguish  it  from  any  similar  name  that  appears 
before  it  in  the  list  of  names.   The  relational  operators 
and  their  description  are  as  follows: 

IN  -  The  IN  expression  has  the  value  true  when  the 

character  string  occurs  anywhere  in  the  designated 

entry  of  a  data  record. 
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AT  -  The  AT  expression  has  the  value  true  only  when 
the  character  string  occurs  at  the  beginning  of 
the  designated  entry. 

GT  -  The  GT  expression  has  the  value  true  when  the 
character  string  yields  a  result  of  strictly 
greater  than  when  compared  character  by  character 
with  the  entry  designated. 

LT  -  The  LT  expression  has  the  value  true  when  the 

character  string  yields  a  result  of  strictly  less 
than  when  compared  character  by  character  with 
the  entry  designated. 

GE  -  The  GE  expression  has  the  value  true  when  the 

character  string  yields  a  result  of  greater  than 
or  equal  when  compared  character  by  character  with 
the  entry  designated. 

LE  -  The  LE  expression  has  the  value  true  when  the 

character  string  yields  a  result  of  less  than  or 
equal  when  compared  character  by  character  with 
the  entry  designated. 

EQ  -  The  EQ  expression  has  the  value  true  when  the 
character  string  yields  a  result  of  equal  when 
compared  character  by  character  with  the  entry 
designated. 

NE  -  The  NE  expression  has  the  value  true  when  the 

character  string  yields  the  result  of  unequal  when 
compared  character  by  character  with  the  entry 
designated. 
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The  following  are  examples  of  simple  boolean  expressions: 
'SMITH'  AT  AUTHOR 
'SIM'  IN  TITLE 
'1966'  LE  DATE 

B.   COMPLEX  BOOLEAN  EXPRESSIONS 

The  logical  operations  AND,  OR,  and  NOT  may  be  used  to 
form  "complex  boolean  expressions,"  in  the  usual  fashion. 
The  normal  hierarchy  of  boolean  operations  is  assumed,  NOT 
has  the  highest  precedence,  AND  is  next  highest,  and  OR  has 
the  lowest  precedence.   Parentheses  may  be  used  to  any  level 
desired  for  grouping  or  factoring  of  the  expression,  the 
only  requirement  being  that  parentheses  must  be  balanced. 
For  example,  the  expression  A  AND  B  OR  NOT  C  AND  D  would 
be  evaluated  as  follows:   ((A  AND  B)  OR  ((NOT  C)  AND  D)). 
If  adjacent  simple  expressions  have  the  same  "relational 
operator  entry  name"  part,  it  need  be  given  only  once  with 
the  last  one.   Whenever  a  relational  operator  appears,  it 
applies  to  all  character  strings  occurring  since  the 
previous  relational  operator,  without  regard  for  parentheses. 
The  following  is  an  example  of  a  boolean  expression  which 
might  be  used  with  the  bibliography  in  the  example: 

('SIM  PROG'  OR  'LIST  PROC)  AND  'LANG  COMP '  IN  DESCRIPTORS 
AND  ('1964'  OR  '1965'  OR  '1966'  IN  DATE)  AND  NOT 
('GEH'  OR  'YCC')  AT  LOCATION 

Only  those  references  dealing  with  the  comparison  of  simula- 
tion or  list  processing  languages,  published  between  1964 
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and  1966,  and  not  located  at  GEH  or  YCC  would  satisfy  this 
screening  condition. 

C.   THE  BOOLEAN  EXPRESSION  CARDS 

A  boolean  expression  is  punched  on  one  or  more  cards 
and  put  behind  a  ^SCREEN  card  in  the  input  deck.   As  many 
cards  as  needed  may  be  used,  with  the  expression  beginning 
in  column  one  of  the  first  card  and  continuing  in  column 
six  of  the  others.   Columns  IDCOL  to  Column  80  cannot  be 
used  on  any  of  the  cards  as  they  are  ignored  by  the  program. 
The  expression  can  be  broken  anywhere  except  in  the  middle 
of  a  character  string,  operator,  or  an  entry  name  and  the 
program  will  automatically  continue  the  expression  properly. 
Blanks,  except  where  they  appear  within  single  quotes,  are 
not  needed  and  they  are  ignored  by  the  program. 

When  a  boolean  expression  is  being  evaluated  for  a  data 
record,  the  scan  proceeds  from  left  to  right,  consequently, 
some  savings  in  computer  time  may  be  realized  if,  when 
constructing  the  screening  expression,  those  elements  which 
are  most  likely  to  be  true  in  an  OR  subexpression  or  those 
most  likely  to  be  false  in  an  AND  subexpression  are  placed 
as  far  to  the  left  as  possible. 

The  only  restrictions  on  the  size  of  the  screening  ex- 
pressions are:   (a)  the  total  length  of  the  expression  cannot 
exceed  3000  characters,  (b)  the  maximum  length  of  a  character 
string  (between  single  quotes)  is  25  characters,  and  (c)  the 
maximum  number  of  character  strings  in  the  expression  is  50. 
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VII.   OTHER  CONTROL  CARDS 

Thus  far,  the  uses  of  five  control  cards  have  been 
explained.   These  were  the  *SETUP,  *LIST,  *DATA,  *FORMAT, 
and  *SCREEN,  which  essentially  are  required  for  the  basic 
operation  of  the  system.   There  are  eight  other  control 
cards  which  may  be  included  in  an  input  deck  also,  to 
accomplish  such  things  as  printing  formatted  output, 
printing  headings,  changing  the  value  of  program  variables, 
printing  the  elapsed  computer  time,  reordering  the  data 
file,  and  signalling  the  end  of  a  job. 

A.   *CHANGE  (CHANGE  VARIABLE'S  VALUE) 

When  this  control  card  is  encountered  in  the  input  deck 
the  program  executes  a  GET  DATA  statement  which  will  read 
the  next  card  in  the  input  deck  and  all  subsequent  cards 
until  the  variable  list  is  completed  (marked  by  the  appear- 
ance of  a  semicolon).   The  execution  of  this  statement 
will  change  the  value  of  any  program  variable  whose  name 
appears  in  the  variable  list  to  the  value  given.   However, 
it  is  strongly  recommended  that  the  use  of  this  facility 
be  limited  to  five  variables.   Four  of  these  were  described 
in  the  *SETUP  section,  they  are:   COUNTER,  IDCOL,  COLOR, 
and  SIZE.   The  fifth  variable  is  SLASH. 

SLASH  is  a  special  program  variable  and  as  such  is 
reserved  for  program  use  only.   This  variable  is  initialized 
to  a  '/'  when  the  program  is  loaded.   If  the  user  has  a 
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great  need  to  use  the  character  '/',  then  he  may  change  the 
value  of  SLASH  to  any  other  character  which  will  then,  in 
turn,  be  reserved  from  future  use  until  changed  again  or 
the  program  is  terminated.   This  new  character  would  then 
be  used  in  lieu  of  the  slash  wherever  described  in  this 
paper.   To  accomplish  the  desired  changes,  one  or  more 
cards  must  follow  the  ^CHANGE  card  with  statements  of 
the  form  "variable  =  value."   Each  of  these  statements  is 
separated  from  the  next  by  a  comma,  and  cannot  be  split 
between  cards.   All  80  columns  may  be  used  and  blanks  are 
ignored,  the  only  other  requirement  is  that  the  variable 
list  be  terminated  by  a  semicolon.   All  numbers  assigned 
as  values  must  be  integers  and  any  character  assigned  to 
slash  must  be  enclosed  in  single  quotes. 

B.   *ORDER  (REORDER  DATA  RECORDS) 

Whenever  the  *DATA  control  card  is  encountered  in  the 
input  deck  and  the  subsequent  data  file  processed,  the 
records  in  this  data  file  are  ordered  sequentially  as  they 
are  read  in,  and  it  is  in  this  order  that  the  data  records 
are  processed  and  printed  whenever  so  indicated.   This 
order  may  be  changed  at  any  time  by  the  user,  and  this 
new  order  remains  in  effect  until  another  change  is  called 
for  or  until  termination  of  the  program.   To  change  this 
order,  a  card  with  *ORDER  punched  in  columns  1-6,  followed 
by  two  or  more  blanks,  followed  by  the  word  "BY,"  followed 
by  zero  or  more  blanks,  followed  by  an  entry  name  (as 
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specified  in  the  *SETUP  section),  is  inserted  in  the  input 
deck  at  the  point  in  the  processing  at  which  reordering 
is  desired.   This  ordering  procedure  reorders  the  records 
based  on  their  relative  position  in  the  collating  sequence, 
from  the  lowest  to  the  highest.   Null  entries  are  placed 
at  the  end  of  the  new  order,  in  the  order  in  which  they 
appear  in  the  input  deck.   For  example,  *ORDER  BY  TITLE 
would  reorder  the  data  file  alphabetically  by  titles. 

C.   *PRINT  (PRINT  OUTPUT) 

When  this  control  card  is  encountered  in  the  input  deck 
it  causes  some  information  from  the  data  file  to  be  printed. 
If  the  records  are  to  be  screened  (according  to  the  most 
recent  criteria)  for  inclusion  in  the  output  then  the  word 
"SCREEN"  must  appear  somewhere  on  the  *PRINT  control  card. 
If  screening  is  not  be  performed  and  all  records  are  to  be 
included  in  the  output,  then  the  word  "SCREEN"  must  not 
appear  on  the  *PRINT  control  card. 

The  order  in  which  the  records  are  printed  is  specified 
by  the  user.   If  an  *ORDER  control  card  has  not  appeared 
previously  in  the  input  deck,  then  the  records  will  be 
processed  in  the  same  order  that  they  appeared  in  the  data 
deck . 

When  a  record  is  processed  for  printing,  the  most  recent 
format  specification  is  used.   There  are  no  default  format 
specifications.   If  printing  is  requested  before  a  *FORMAT 
control  card  has  been  processed,  an  error  condition  will 
be  raised. 
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D.  *EOF   (END  OF  FILE) 

The  *EOF  control  card  is  only  used  in  two  different 
situations  in  the  input  deck.   It  is  used  to  mark  the  end 
of  the  data  file  on  input  and  to  mark  the  end  of  the  format 
specifications.   Thus  a  card  with  *EOF  punched  in  columns 
1-4  should  be  the  last  card  in  the  *DATA  and  the  *FORMAT 
sections  of  the  input  deck. 

E.  *ENDJOB  (END  OF  JOB) 

This  card  is  most  conveniently  placed  at  the  end  of  an 
input  deck,  although  it  may  be  used  at  the  ends  of  complete 
sections  within  an  input  deck.   It  merely  causes  the  message 
"END  OF  JOB"  to  be  printed  at  the  top  of  the  next  page  in 
the  output,  and  does  not  actually  cause  termination  of  the 
program. 

The  remainder  of  the  control  cards  have  one  requirement 
in  common,  and  it  will  be  described  at  this  point  instead  of 
separately  for  each  control  card.   These  control  cards  when 
encountered  in  the  input  deck  cause  some  printing  to  take 
place.   Thus,  the  one  thing  they  have  in  common  is  the  card 
which  is  to  provide  the  necessary  information  to  format  the 
output.   This  card  is  of  the  following  form:   COLUMNS  =  X, 
LINES  =  Y,  PAGES  =  Z;.   Where  X  is  the  number  of  the  column 
in  which  the  specified  printing  is  to  begin,  Y  is  the  number 
of  lines  that  are  to  be  skipped  down  the  page  and  on  which 
the  printing  is  to  begin,  and  Z  is  the  number  of  pages  that 
are  to  be  ejected  before  printing  is  to  begin.   This  card 
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may  be  punched  in  a  free  format  as  long  as  a  comma  separates 
the  items  in  the  list  and  a  semicolon  marks  the  end  of  the 
•list.   All  three  of  these  variables  have  a  default  value  of 
one,  thus  they  need  only  be  specified  when  a  different  value 
is  desired.   If  all  default  values  are  desired,  a  card  must 
then  be  inserted  with  a  semicolon  punched  anywhere  in 
columns  1  to  80 . 

P.   *HEADING   (PRINT  HEADING) 

The  *HEADING  card  provides  the  user  with  the  capability 
of  inserting  formatted  text,  which  is  independent  of  the 
data  being  processed,  in  the  output  stream.   Three  cards 
are  required  to  -print  a  heading,  the  *HEADING  card  followed 
by  the  formatting  card  described  above,  followed  by  a  card 
with  the  text  to  be  printed,  punched  starting  In  column  one. 
All  80  columns  of  this  card  are  printed. 

G.   *PRINTCOUNTER   (PRINT  "COUNTER") 

This  control  card  is  associated  with  the  program  vari- 
able COUNTER.   As  mentioned  earlier,  COUNTER  counts  the  data 
records  that  are  passed  to  the  printing  section  of  the 
program.   When  *PRINTCOUNTER  is  encountered  in  the  input 
stream,  it  immediately  reads  the  next  card  which  contains 
the  formatting  Information  described  above.   The  text  is 
taken  from  columns  15  to  80  of  the  *PRINTCOUNTER  card  and  is 
concatenated  with  the  value  of  COUNTER.   This  string  is 
printed  according  to  the  format  specified.   Then  COUNTER 
is  reset  to  zero. 
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H.   "TIME   (PRINT  ELAPSED  TIME) 

This  control  card  enables  the  user  to  determine  the 
computer  time  taken  to  perform  various  tasks  with  GIPSY. 
When  it  is  encountered,  the  elapsed  time,  in  seconds,  since 
the  previous  *TIME  card  was  processed  is  printed,  followed 
by  the  contents  of  columns  15  to  80  of  this  card.   A  second 
card  must  follow  the  *TIME  card  with  the  formatting  infor- 
mation described  above.   For  the  first  *TIME  card  in  the 
deck,  the  elapsed  time  is  computed  from  the  time  the  progam 
was  loaded. 

For  these  elapsed  time  computations,  the  current  time 
of  day  is  used.   Thus,  unfortunately,  when  GIPSY  is  being 
run  in  an  MVT  environment,  the  elapsed  time  would  be  a 
total  elapsed  time,  including  OS/360  interrupts,  and  not 
just  the  amount  of  CPU  time  required  by  GIPSY. 
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VII.   SYSTEM  IMPLEMENTATION 

Basically  GIPSY  is  organized  into  separate  sections  of 
computer  code,  each  of  which  performs  a  different  informa- 
tion processing  task.   This  program  organization,  made 
possible  by  the  ability  to  subscript  labels  in  PL/I,  was 
chosen  over  a  "procedure"  or  "subroutine"  orientation  in 
that  it  would  be  faster,  while  requiring  approximately  the 
same  amount  of  coding.   Entry  into  (and  departure  from)  a 
segement  of  code  is  caused  by  the  occurrence  of  a  control 
card  in  the  input  stream.   As  a  consequence,  an  input  deck 
to  GIPSY  is  divided  into  sections  according  to  the  tasks 
to  be  performed,  with  each  section  preceded  by  a  control 
card. 

The  names  of  the  control  cards  that  are  associated 
with  eleven  such  sections  of  the  program  are  placed  in 
the  array,  CONTROL(i).   When  a  control  card  is  encountered, 
its  name  is  looked  up  in  CONTROL(i)  and  this  subscript 
is  then  used  to  provide  the  proper  subscript  for  the  label 
variable  SEGMENT(i)  when  a  GOTO  SEGMENT(i)  statement  is 
executed.   The  control  card  *SETUP  is  handled  a  little 
differently  in  that  instead  of  returning  its  position  in 
the  array  CONTROL,  a  statement  GOTO  SETUPS  is  executed,  the 
reason  for  this  variation  will  become  clear  later. 

A.   SETTING  UP  THE  PROGRAM 

The  first  executable  section  of  code  in  the  program 
fetches  the  current  time  of  day,  converts  it  from  a 
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character  variable  which  gives  the  time  in  hours,  minutes, 
seconds  and  milliseconds  into  a  fixed  binary  variable 
which  gives  the  time  in  milliseconds,  and  then  stores  this 
value  in  a  variable  named  CLOCK.   This  would  be  used  later, 
the  first  time  the  *TIME  control  card  is  processed.   This 
is  followed  immediately  be  a  section  that  processes  the 
*LIST  control  card  if  it  is  present  as  the  very  first  card 
of  the  input  deck  (after  the  JCL  cards). 

The  *LIST  section  is  very  simple  in  that  it  reads  a 
card  from  the  input  stream  and  immediately  outputs  this 
same  card,  centering  it  on  the  output  page.   It  starts 
printing  the  card  images  on  line  13  of  the  page  and  then 
prints  46  such  images,  ejects  a  page,  prints  another  page, 
and  so  on  until  the  input  stream  is  emptied.   At  this  point 
control  is  transferred  to  the  end  of  the  program  and  term- 
ination occurs  normally. 

If  on  the  other  hand,  the  first  card  encountered  in 
the  input  deck  is  the  *SETUP  control  card  the  program 
begins  setting  up  to  process  the  input  deck.  The  first 
thing  GIPSY  does  is  to  assign  default  values  to  several 
variables.  A  GET  DATA  statement  is  then  executed  to  read 
in  the  next  card,  and  any  continuation  cards,  obtaining 
the  user  supplied  values. 

At  this  point  in  the  execution  of  the  program,  utiliz- 
ing the  quantities  just  obtained  (or  their  default  values), 
calculations  are  made  to  determine  the  amount  of  storage 
to  request  from  OS/360  and  to  determine  the  dimensions  of 
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19  subscripted  variables.   Next  the  internally  nested 
procedure  labeled  START  is  called  and  these  19  variables 
are  declared  utilizing  the  results  of  the  calculations 
just  described.   The  method  just  described  makes  use  of 
the  capability  in  PL/I  to  pass  the  values  of  variables 
to  subordinate  procedures  for  dimensioning  the  locally 
declared  variables,  to  allocate  storage  dynamically.   In 
this  manner  the  storage  allocated  more  closely  approxi- 
mates the  needs  of  the  application  and  thus  is  more  effi- 
cient than  a  blind,  fixed  allocation. 

Before  the  last  bit  of  setting  up  is  done,  a  few  vari- 
ables are  initialized.   Finally  then,  the  procedure  PACKHOLD, 
which  extracts  character  strings  from  cards,  packing  them 
into  the  variable  HOLD,  is  called  to  read  in  the  remaining 
data  cards  in  the  *SETUP  section.   The  variable  HOLD  now 
contains  all  the  entry  names,  separated  by  slashes.   The 
program  then  processes  HOLD,  picking  off  the  entry  names 
and  placing  them  in  the  array,  ATTRIBUTES  (  i  )  .   ( ATTRIBUTES(i) 
and  CONTROL(i)  are  the  only  two  tables  which  ever  require  a 
lookup  during  the  execution  of  the  entire  program) . 

After  the  last  card  naming  the  entries  has  been  read, 
the  next  card  in  the  input  deck  is  read  and  a  look  up  for  a 
control  card  is  conducted,  if  not  found,  a  diagnostic  is 
printed  and  the  program  execution  terminated;  otherwise  a 
branch  is  made  to  that  section  of  the  program  which  processes 
the  control  card  found. 
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B.   PROCESSING  THE  DATA  FILE 

The  next  control  card  normally  found  at  this  point  is 
the  *DATA  card.   This  card  marks  the  beginning  of  the  user's 
data  file  that  is  to  be  stored  at  this  point  and  then  man- 
ipulated throughout  the  remainder  of  the  execution  of  GIPSY. 
This  data  base  is  stored  in  an  array  of  sequentially  ordered 
lists  named  WORD(i).   It  will  facilitate  understanding  of 
the  remainder  of  this  section  if  the  reader  will  refer  to 
Figure  8  freely.   WORD  is  a  character  variable  with  a 
length  attribute  of  32767  characters,  varying.   This  is 
obviously  one  of  the  variables  whose  dimension  is  calculated 
with  user  supplied  information. 

When  PL/I  allocates  storage  for  a  variable  with  a  vary- 
ing length  attribute  it  has  no  choice  but  to  reserve  space 
for  its  maximum  length.   Therefore,  storage  is  allocated 
for  the  data  file  in  chunks  of  32K  bytes  of  core.   The 
calculation  of  the  dimension  of  WORD  (how  many  32K  chunks 
the  user  needs)  is  done  as  follows:  ' 

STORAGE  =  CARDS  *  COLS: 
L  =  (STORAGE/  32767)  +  1; 

WORD  Is  then  given  the  dimension  L  each  time  the  Procedure 
START  is  entered  as  the  result  of  the  occurrence  of  a 
*SETUP  control  card. 

TABLE(i,j)  is  another  important  variable  necessary  for 
the  storage  of  the  data  file  which  is  dimensioned  with  user 
supplied  quantities.   In  the  declaration  statement 
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i  =  ESTIMATE  and  j  =  ENTITY  +  2  (entity  is  the  number  of 
entries  in  a  data  record) .   The  rows  of  TABLE  correspond 
to  data  records,  and  the  columns  correspond  to  entries. 
To  input  and  store  the  data  file  the  PACKHOLD  procedure 
is  called  which  obtains  the  first  data  record,  packs  it 
into  HOLD,  and  then  returns  HOLD.   The  program  then  places 
the  record  (without  the  slashes),  character  by  character 
into  contiguous  character  positions  of  WORD.   As  it  does 
this,  it  also  places  pointers  to  the  beginning  character 
position  for  each  entry  into  TABLE(i,j). 

After  the  record  is  processed,  the   data  found  in  the 
IDENT  field  is  placed  in  the  array  SERIALS(i),  the  pointer 
to  the  next  available  character  position  in  WORD  is  placed 
in  TABLE(i,  ENTITY+1),  the  value  of  the  current  subscript 
of  WORD  is  placed  in  TABLE(i,  ENTITY+2),  and  then  i  (the 
row  number)  is  incremented  by  one.   This  process  is  repeated 
over  and  over  until  the  *EOF  control  card  is  encountered 
in  the  input  stream. 

C.   THE  FORMAT  SPECIFICATIONS 

To  process  the  format  specifications  requires  19  one- 
dimensional  arrays.   These  arrays  fall  into  two  groups, 
based  on  how  their  subscripts  are  derived.   In  one  group, 
the  subscript  is  the  number  of  the  logical  line  that  the 
particular  value  is  associated  with.   This  group  can  be 
thought  of  as  making  up  one  large  format  table,  where  the 
rows  correspond  to  the  logical  lines  and  the  columns  are 
the  various  one-dimensional  arrays.   In  the  other  group, 


the  subscript  is  simply  the  number  of  the  occurrence  of 
that  particular  item  since  the  beginning  of  the  format 
specifications.   The  reader  will  find  it  helpful  to  refer 
to  Figure  9  while  reading  the  remainder  of  this  section. 

The  reason  that  so  many  arrays  are  required  is  that 
the  format  specifications  are  preprocessed  to  the  maximum 
extent  that  is  feasible,  the  philosophy  being  that  the 
extra  time  and  space  expended  at  this  point  greatly  enhances 
overall  program  efficiency  since  this  processing  is  done 
only  once  and  each  format  specification  is  processed  many, 
many  times  during  the  output  operations.   This  section  of 
the  program  is  enclosed  in  one  large  loop  that  is  entered 
when  the  ^FORMAT  control  card  is  encountered.   It  processes 
the  format  specifications  logical  line  by  logical  line  until 
the  *EOF  control  card  is  encountered  and  the  loop  is  exited. 

To  process  the  specifications  for  a  logical  line  the 
program  first  takes  the  two  form  cards,  and  stores  columns 
2-80  of  the  first  and  1-53  of  the  second  as  a  character 
string  variable  of  length  132  in  the  format  table.   Next 
GIPSY  scans  across  this  string  looking  for  slashes  that 
indicate  print  positions.   When  one  is  found,  its  column 
number  is  placed  in  the  array  POSITION(k)  (from  the  second 
group  described  above),  the  slash  is  replaced  by  a  blank, 
the  subscript  incremented,  and  the  scan  then  continues  in 
this  fashion  until  all  132  print  positions  have  been 
examined. 
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IJext  GIPSY  looks  at  the  fields  in  columns  5^  to  80  of 
the  second  form  card  and  extracts  the  values  and  places 
them  in  the  appropriate  arrays  in  the  format  table.   At 
this  point  the  field  in  column  55   (NOCONTENT)  is  checked 
for  a  slash,  if  one  is  present  the  remainder  of  this  section 
is  bypassed,  and  processing  of  the  next  logical  line  is 
begun.   If,  however,  a  content  card  is  present  the  PACKHOLD 
procedure  is  used  to  read  and  pack  all  the  content  cards 
into  HOLD. 

Throughout  the  rest  of  this  section  HOLD  is  constantly 
being  picked  apart,  the  information  is  processed  and  placed 
in  arrays.   Whenever  anything  is  extracted  it  is  replaced 
by  a  symbol  so  that  when  processing  is  completed  what 
remains  is  a  symbolic  representation  of  the  content  card. 
This  string  is  then  placed  in  the  format  table  along  with 
all  the  information  it  represents. 

As  HOLD  passes  through  this  preprocessing  section  of 
coding  the  first  items  extracted  are  all  the  conditional 
expressions  in  that  logical  line  and  each  is  replaced  in 
HOLD  by  the  character  ' @'.   Each  conditional  expression  is 
decomposed  and  its  pieces  placed  in  a  table  where  the  sub- 
script corresponds  to  the  number  of  the  occurrence  of  con- 
ditional expressions  since  the  beginning  of  the  format 
specifications . 

The  data  to  the  left  of  the  slash  is  further  decomposed 
in  that  the  variables  are  replaced  by  the  ' | '  character. 
These  variables'  numbers  are  placed  in  an  array  VARNO(i) 


62 


and  the  number  of  variables  in  the  expression  is  placed  in 
the  array  NOVAR(i).   The  remaining  character  string  is 
placed  in  the  array  INSERT(i).   The  variable  to  the  right 
of  the  slash  is  looked  up,  and  its  number,  prefixed  with 
the  sign  that  was  already  there,  is  placed  in  the  array 
CONDITION(i) . 

After  all  the  conditional  expressions  have  been 
processed,  GIPSY  scans  HOLD  looking  for  variables  and  when- 
ever one  is  encountered  it  is  replaced  in  HOLD  by  the 
character  ' | '  and  its  number  is  placed  in  the  table  in  array 
VARIABLE(i) . 

As  the  last  step  in  preprocessing,  the  logical  line 
HOLD  is  scanned  looking  for  fields  that  have  been  concaten- 
ated (indicated  by  double  slashes)  to  form  a  single  new 
field.   The  program  then  uses  the  angular  brackets  to 
delimit  this  new  field.   Once  HOLD  has  been  completely 
processed,  its  contents  are  placed  in  the  format  table  in 
the  array  CONTENT(i),  and  the  program  loops  back  to  commence 
processing  the  next  logical  line. 

D.   TH^  SCREENING  EXPRESSION 

The  section  of  the  program  that  processes  the  ^SCREEN 
control  card  is  without  a  question  the  most  interesting. 
Here  too,  the  "preprocessing"  philosophy  prevailed.   This 
section  also  makes  use  of  a  table.   The  screen  table  is 
made  up  of  5  one-dimensional  arrays,  each  corresponding  to 
a  column  of  the  table.   The  rows  in  the  table  correspond 
to  each  'character  string',  and  in  the  same  sequence  that 
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they  occur.   Frequent  referral  to  Figure  10  will  aid  in 
making  the  following  paragraphs  clearer.   The  first  step 
is  to  use  the  PACKHOLD  procedure  to  obtain  the  boolean 
expression  that  describes  the  screening  criteria.   HOLD 
is  processed  from  left  to  right  picking  off  the  symbols 
one  at  a  time. 

1 .   The  Screen  Table 

As  each  symbol  is  picked  off  it  is  examined  for 
certain  characteristics  which  indicate  to  the  program 
how  it  is  to  be  processed.   If  the  symbol  is  a  blank 
then  it  is  discarded,  if  it  is  a  right  or  left  parenthesis 
it  is  left  as  is,  and  the  next  symbol  is  extracted.   The 
key  to  the  procedure  is  a  symbol  enclosed  in  single  quotes, 
this  is  a  literal  character  string  that  is  going  to  be 
looked  for  later  in  the  data  base.   When  one  is  encountered, 
the  quotes  are  stripped  off  and  it  is  placed  in  the  screen 
table  in  the  array  SEEK(i),  it  is  replaced  in  HOLD  by  a 
slash,  and  then  i,  the  row  number  in  the  table,  is  increased 
by  one.   Consequently,  the  rows  in  the  screen  table  corres- 
pond to  each  of  these  character  strings  in  the  order  that 
they  are  encountered. 

If  the  symbol  is  one  of  the  eight  relational  oper- 
ators it  is  removed  from  HOLD  and  placed  in  the  table  in 
the  array  LOCATOR(i),  the  program  then  looks  backward  in 
LOCATOR  and  if  any  of  the  previous  positions  are  blank 
they  are  filled  with  this  same  operator.   Similarly,  if  the 
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PROCESSING    A   SCREEN 

a.  ORIGINAL  EXPRESSION: 

HOLD  =  ('SIM  PROG'  OR  'LIST  PROC)  AND  'LANG  COMP'  IN 

DESCRIPTORS  AND  ('1964'  OR  '1965'  OR  '1966'  IN  DATE) 
AND  NOT  ('GEH'  OR  'YCC')  AT  LOCATION 

b.  ABBREVIATED  FORM: 

HOLD  =  (/0/)A/A(/0/0/)AN(/0/) 

c.  COMPLETELY  PARENTHESIZED  FORM: 

SEEKER  =  (((((/0/)A/)A(((/0/)0/)))A((/0/)N))) 
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symbol  is  an  entry  name,  it  is  removed  from  HOLD,  looked  up 
in  the  entry  name  table,  and  its  entry  number  is  placed  in 
the  screen  table  in  the  array  ENTRY(i),  the  program  then 
works  backward  in  ENTRY  placing  this  number  in  all  unfilled 
positions.   At  this  point  it  can  be  seen  that  to  each  row 
in  the  screen  table  there  corresponds  a  slash  in  HOLD,  and 
this  slash  (and  each  row  in  the  table)  represents  a  simple 
boolean  expression  as  defined  in  Section  VI-A.   Finally,  if 
the  symbol  is  a  boolean  operator  AND,  OR  or  NOT,  all  char- 
acters but  the  first  one  of  the  operator  name  are  removed 
from  HOLD. 

After  HOLD  has  been  processed  in  this  manner  and  is 
in  abbreviated  form,  the  expression  is  completely  parenthe- 
sized according  to  the  normal  hierarchy  of  boolean  opera- 
tions.  To  do  this  requires  three  passes  through  HOLD  from 
left  to  right.   On  the  first  pass  each  N  (NOT)  operator  and 
its  associated  operand  are  enclosed  in  parentheses.   Since 
NOT  is  a  unary  operator,  the  operator  and  the  operand  are 
exchanged  in  position  to  provide  consistancy  for  a  routine 
that  is  used  later.   On  the  second  pass  the  A  (AND)  operator 
and  both  of  its  operands  are  enclosed  in  parentheses.   Then, 
0  (OR)  operators  and  both  their  operands  are  parenthesized 
on  the  last  pass.   Throughout  these  three  passes,  previous 
parenthesization  is  taken  into  account  in  determining  the 
operands  which   are  to  be  parenthesized  at  the  current  step. 
All  this  done,  the  expression  is  then  itself  enclosed  in 
parentheses  and  stored  in  a  variable  named  SEEKER. 


66 


2 .   Expression  "Pre-Evaluation" 

The  final  phase  in  the  processing  of  a  screening 
expression  utilizes  a  few  shortcuts  from  Boolean  algebra  to 
"pre-evaluate"  the  boolean  expression.   The  algorithm  which 
does  this  starts  with  the  first  character  in  SEEKER  and 
moves  to  the  right  one  character  at  a  time  until  SEEKER  has 
been  completely  processed. 

As  the  algorithm  moves  across  SEEKER  looking  at  each 
character,  it  keeps  track  of  the  parenthesis  level  with  the 
variable  M.   When  it  encounters  a  left  paren,  M  is  incre- 
mented by  one  and  when  it  encounters  a  right  paren,  M  is 
decremented  by  one.   If  in  processing  SEEKER  the  character 
being  looked  at  is  a  boolean  operator,  it  is  simply  ignored 
and  the  next  character  is  examined. 

When  a  slash  (a  simple  boolean  expression)  is 
encountered  the  procedure  NEXTLINE  is  called  twice,  once 
with  the  value  "false"  supplied  and  once  with  the  value 
"true"  supplied.   Roughly  speaking  NEXTLINE  looks  at  the 
remainder  of  the  screening  criteria  and  says  that  if  in 
the  evaluation  of  the  screen  this  simple  boolean  expression 
is  true  (or  false)  then  the  next  simple  boolean  expression 
that  must  be  evaluated  is  "i",  the  row  number  in  the  screen- 
ing table. 

NEXTLINE' s  operation  is  centered  around  the  fact 
that  in  the  logical  expression  (X  OR  Y),  if  the  value  of 
X  is  true  then  there  is  no  need  to  evaluate  Y,  since  its 
value  has  no  effect  on  the  overall  value  of  the  expression. 
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Only  if  X  is  false  must  Y  be  evaluated.   The  same  is  true  in 
the  expression  (X  AND  Y)  if  the  value  of  X  if  false.   Only 
if  X  is  true  must  Y  be  evaluated. 

NEXTLINE  records  the  current  parenthesis  level  and 
proceeds  across  SEEKER  adjusting  the  parenthesis  level  until 
it  comes  to  the  boolean  operator  that  is  associated  with 
the  slash  that  initiated  the  procedure  call.   Depending  on 
which  operator  it  is  and  also  on  the  value  supplied,  the 
procedure  then  locates  the  next  simple  boolean  expression 
that  must  be  evaluated.   This  expression's  row  number  in 
the  screen  table  is  coded  and  then  returned. 

The  first  call  to  NEXTLINE  supplies  the  value 
"false,"  the  coded  number  that  NEXTLINE  returns  is  then 
placed  in  the  screen  table  in  the  array  FALS(i).   The  second 
time  NEXTLINE  is  called  the  value  "true"  is  supplied  and 
the  value  returned  is  placed  in  the  table  in  the  array 
TRU(i).   The  reason  that  the  value  returned  by  NEXTLINE  is 
coded  is  that  for  each  call  there  are  three  possible 
evaluation  results:   (1)  there  are  no  more  simple  boolean 
expressions  to  be  evaluated  and  the  final  value  of  the 
screen  is  "true,"  (2)  there  are  no  more  simple  boolean 
expressions  to  be  evaluated  and  final  value  of  the  screen 
is  "false,"  and  (3)  row  "i"  in  the  screen  table  must  be 
processed  next. 

The  end  result  of  this  preprocessing  of  the  screen- 
ing criteria  is  that  later  in  the  program  when  a  data  record 
is  being  screened  for  inclusion  in  the  output,  the  program 
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enters  the  screen  table  at  row  one  and  evaluates  this  first 
simple  boolean  expression.   Depending  on  the  outcome  of 
this  evaluation  it  looks  in  the  appropriate  column,  either 
TRU(i)  or  FALS(i)  in  the  screen  table  to  see  what  to  do 
next.   If  the  number  found  there  is  positive,  it  enters 
the  table  again  at  this  indicated  row.   If  the  number  is 
negative,  then  it  knows  that  no  more  evaluations  are 
necessary  and  that  the  final  value  of  the  screen  expression 
is  either  true  or  false  depending  on  whether  the  number 
there  is  -1  or  -2. 

E.   THE  REORDERING  PROCEDURE 

When  the  *SETUP  control  card  Is  processed  the  array 
ORDER(i)  is  initialized  by  a  DO  LOOP  such  that  ORDER(i)  =i. 
In  the  section  of  the  program  that  screens  and  processes 
the  data  records  for  output,  the  data  records  are  accessed 
by  row  number  in  TABLE(i,j)  through  the  contents  of  ORDER, 
i.e.  ,  TABLE (ORDER(i) ,j ) . 

The  first  step  in  processing  the  *ORDER  control  card  is 
to  pick  off  the  entry  name  and  look  its  number  up  in  the 
list  of  entry  names.   This  number  then  becomes  the  column 
number,  j,  in  TABLE(i,j). 

The  reordering  process  discussed  in  Section  VII-B  then 
becomes  a  matter  of  rearranging  the  contents  of  ORDER.   The 
algorithm  which  does  this  sorting  is  efficient,  in  that  in 
the  worst  case,  the  original  order  completely  reversed,  it 
only  requires  N  passes  through  the  list,  where  N  is  the 
number  of  items  in  the  list. 
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The  algorithm  wanders  through  the  proper  column  of  TABLE 
fetching  the  entries  by  row  number  based  on  the  contents  of 
ORDER.   It  compares  the  first  two  members  of  the  list,  if 
the  first  member  is  larger  than  the  second  then  their 
positions  are  exchanged  so  that  member  1  is  now  member  2 
and  vise  versa.   If  they  are  already  in  proper  order  nothing 
is  done.   Next  members  2  and  3  are  compared  and  if  member 
2  is  larger  than  member  3  then  their  positions  are  exchanged. 
If  they  are  already  in  the  proper  order  nothing  is  done  and 
the  next  two  members  are  compared.   This  process  is  contin- 
ued until  the  last  two  members  of  the  list  have  been 
compared. 

At  this  point  a  flag  is  tested  to  see  if  there  were  no 
exchanges  made  during  this  pass  through  the  list.   If  such 
is  the  case,  the  list  is  in  proper  order  and  the  procedure 
halts.   If  an  exchange  was  made,  the  procedure  loops  back 
through  the  list  and  the  process  is  repeated. 

F.   OUTPUT  PROCESSING 

Certainly  the  most  complex  section  of  GIPSY  is  the  one 
that  screens  and  outputs  the  data  records.   When  this  sec- 
tion of  coding  is  entered  the  *PRINT  control  card  is 
checked  for  the  presence  of  the  character  string  'SCREEN'. 
If  it  is  found,  a  flag  is  set  to  indicate  to  the  program 
that  the  data  records  are  to  be  compared  against  the  most 
recent  screening  criteria  and  only  those  which  satisfy  the 
criteria  are  to  be  printed. 
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A  few  variables  are  then  initialized,  one  of  which  is  Q 
(initialized  to  one).  Q  is  used  as  a  row  marker  in  the  format 
table.   The  program  enters  the  format  table  at  row  Q  and 
checks  TITLEPAGE(Q)  for  the  presence  of  a  slash.   If  a 
slash  is  found,  the  program  goes  into  a  loop  which  prints 
FORM(Q)  according  to  the  dictates  of  the  rest  of  line  Q 
in  the  table  and  then  increments  Q  by  one.   The  loop  is 
exited  the  first  time  that  TITLEPAGE(Q)  equals  a  blank. 

At  this  point  another  row  marker  for  the  format  table, 
V,  is  set  equal  to  Q.   V  serves  two  purposes;  it  acts  as 
a  flag  which  indicates  the  presence  of  page  headings  in 
the  format  specifications,  and  it  marks  the  beginning  line 
number  in  the  format  table  of  these  page  headings.   If 
PAGEHEAD(Q)  contains  a  slash  then  the  program  goes  into 
a  loop  which  prints  FORM(Q)  according  to  the  dictates  of 
the  rest  of  line  Q  in  the  format  table,  and  then  Q  is 
incremented  by  one.   The  loop  is  exited  the  first  time  that 
PAGEHEAD(Q)  equals  a  blank. 

Q  is  now  the  number  of  the  first  line  in  the  format 
table  which  represents  the  first  logical  line  that  is  to 
be  processed  for  each  data  record  selected.   Rows  V  to  Q 
in  the  format  table  are  the  format  specifications  to  be 
processed  each  time  that  a  new  page  is  ejected. 

With  these  administrative  details  out  of  the  way  GIPSY 
is  ready  to  retrieve  and  process  the  data  records.   The 
remainder  of  this  section  in  the  program  is  contained  in  a 
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loop  that  is  traversed  once  for  each  record  in  the  data 
file.   It  is  here  that  the  variable  ORDER(i)  is  used  to 
retrieve  the  data  records.   The  contents  of  ORDER(i)  are 
accessed  sequentially  beginning  with  i  equal  to  one. 
1 .   Screening  the  Records 

The  program  looks  at  the  screen  flag,  if  it  is  not 
set  then  the  next  group  of  instructions  are  skipped  and 
all  records  are  processed  and  printed.   If  the  screen 
flag  is  set  GIPSY  starts  with  row  one  in  the  screen  table 
and  fetches  SEEK(l),  LOCATOR(l),  and  ENTRY (1).   Then  the 
entry  pointed  to  by  TABLE(0RDER(1 ) ,  ENTRY(l))  is  fetched, 
and  compared  with  SEEK(l)  according  to  the  dictates  of 
LOCATOR(l).   If  the  result  of  this  comparison  is  "true" 
then  TRU(l)  is  stored  in  M,  if  the  result  is  false  then 
PALS(l)  is  stored  in  M. 

The  program  then  examines  M,  if  it  is  greater  than 
zero  then  further  screening  is  required  and  the  entry 
pointed  to  by  TABLE ( ORDER( 1) ,  ENTRY  (M) )  is  fetched  and 
compared  with  SEEK(M)  according  to  the  dictates  of 
LOCATOR(M) ,  and  so  on  until  the  value  in  M  is  negative. 
This  indicates  that  no  further  screening  is  required.   If 
M  is  a  -1  then  the  record  satisfied  the  screening  criteria 
and  is  passed  on  to  be  printed.   If  M  is  a  -2  then  the 
record  failed  to  satisfy  the  screening  criteria  and  the 
rest  of  this  section  Is  bypassed,  and  the  next  record  is 
obtained. 
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2 .   Formatting  the  Output 

A  data  record  reaches  this  point  in  output  process- 
ing in  one  of  two  ways,  it  satisfactorily  passed  the  screen 
or  it  was  not  required  to  be  screened.   The  variable 
COUNTER  is  incremented  by  one  and  a  loop  is  entered  that 
starts  at  row  Q  in  the  format  table,  and  utilizing  the 
current  data  record,  cycles  through  the  rest  of  the  table 
printing  the  specified  information.   The  first  step  in  the 
loop  is  to  check  the  logical  line  to  see  if  there  is  a 
slash  in  NOCONTENT(i ) .   If  one  is  present  the  program 
skips  the  next  group  of  instructions  which  are  concerned 
with  processing  the  content  of  the  line.   Otherwise 
CONTENT(i)  is  fetched  from  the  format  table  and  is  processed 

In  processing  a  logical  line  for  printing,  the 
contents  of  FORM(i)  are  saved  in  a  temporary  variable  for 
over  printing  purposes,  and  CONTENT(i)  is  processed 
character  by  character.   HOLD,  a  character  variable  of 
length  3000,  is  used  to  hold  the  logical  line  as  it  is 
being  assembled  for  printing. 

First  the  character  string  from  position  1  to 
POSITION(k)-l  in  FORM(i)  is  placed  in  HOLD.   This  character 
string  contains  any  associated  text  that  was  on  the  format 
cards.   Next  the  first  field  from  CONTENT(i)  is  processed, 
placing  literals,  appropriate  data  record  entries  or 
variables,   and/or    conditional  information  in  HOLD, 
beginning  in  position  POSITION(k).   Then  the  next  piece  of 
FORM(i)  is  placed  in  HOLD  and  the  next  field  processed 
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and  placed  in  HOLD,  and  so  on  until  the  whole  logical 
line,  fully  processed,  is  in  HOLD. 

In  processing  the  individual  field  from  CONTENT(i) 
the  possibility  of  the  field  being  a  composite  of  fields 
and  the  possibility  of  conditional  expressions  being 
included,  must  be  taken  into  account.   If  a  conditional 
expression  is  present  then  condition  CONDITION(j)  must 
be  checked.   If  the  condition  is  not  satisfied  then  the 
expression  is  ignored  and  processing  of  CONTENT(i)  is 
resumed.   If  the  condition  is  satisfied  then  INSERT(j)  is 
processed  as  if  it  were  a  subfield.   If  the  field  is  a 
composite  of  fields  then  all  of  the  individual  fields  are 
processed  as  sub  fields.   All  the  subfields  processed,  they 
are  then  placed  in  HOLD  as  if  they  were  one  field. 

If  in  processing  any  field  or  subfield,  an  entry 
to  be  inserted  turns  out  to  be  the  null  entry,  the  program 
checks  SUPPRESS(i)  for  the  presence  of  a  slash.   If  it  is 
blank  the  program  simply  treats  the  null  string  as  a  valid 
entry  and  continues  processing  in  the  normal  manner.   If, 
however,  it  is  a  slash  then  the  program  eliminates  all 
literals  associated  with  that  entry.   If  the  whole  field 
then  turns  out  to  be  null,  all  associated  text  is  also 
eliminated.   This  results  in  the  null  string  being  placed 
in  HOLD  for  the  corresponding  print  position,  POSITION(k). 
3 .   Printing  the  Output 

The  program  is  now  ready  to  begin  printing.   HOLD 
contains  the  logical  line,  and  FORM(i)  contains  the  text 
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to  be  overprinted.   The  logical  line  must  be  checked  to 
see  if  it  is  longer  than  a  physical  line,  in  other  words 
the  length  of  HOLD  is  checked  against  STOPCOL(i).   If  it 
is  longer,  then  the  program  takes  HOLD  at  the  STOPCOL(i) 
position  and  works  backward  until  it  comes  to  the  first 
blank.   The  first  physical  line  is  then  taken  up  to  that 
point.   This  character  string  is  padded  on  the  right  with 
blanks  to  fill  out  to  132  characters  and  the  result  is 
placed  in  an  array  named  OUTLINE(n).   A  loop  is  then  entered 
that  takes  the  next  available  OUTLINE(n)  and  fills  in  blanks 
from  position  1  to  position  IDENT(i)-l.   The  program  takes 
the  next  STOPCOL(i)  -IDENT(i)  characters  of  HOLD,  finds 
the  end  of  the  last  word,  pads  on  the  right  with  blanks, 
places  the  result  in  the  current  OUTLINE(n),  and  then 
increments  N.   The  loop  is  exited  when  the  logical  line  is 
in  a  form  suitable  for  printing. 

The  program  now  looks  to  see  at  what  point  on  the 
page  the  last  logical  line  completed  printing.   It  compares 
this  with  the  number  of  lines  that  are  required  to  print 
the  current  logical  line  and  if  this  sum  is  greater  that 
the  value  of  LASTLINE(i),  the  page  number  is  printed  (if 
specified)  and  a  new  page  is  ejected. 

At  this  point,  the  number  of  lines  indicated  by 
TOPLINE(i)  are  skipped  and  OVERPRINT(i)  is  checked  for  a 
slash.   If  a  slash  is  present  then  PORM(i)  is  printed  on 
the  same  line  C0L0R-1  times  and  then  OUTLINE(l)  is  printed 
on  this  same  line.   If  a  slash  is  not  present  then  just 
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OUTLINE(l)  is  printed.   If  required,  the  program  enters  a 
loop  that  skips  the  number  of  lines  indicated  by  the  value 
of  SKIPLINES(i)  and  prints  OUTLINE(i)  and  then  increments 
n.   The  loop  is  exited  when  the  logical  line  is  completely 
printed. 

This  point  in  the  program  marks  the  end  of  two 
loops,  the  loop  that  is  processing  the  logical  lines  and 
the  loop  that  is  processing  the  data  records.   When  the 
last  logical  line  associated  with  the  last  data  record 
has  been  processed,  control  is  transferred  to  the  section 
of  the  program  that  is  to  process  the  next  control  card. 

G.   ELAPSED  TIME  PROCESSING 

When  the  *TIME  control  card  is  encountered  the  current 
time  of  day  is  obtained  immediately.   Next,  the  text  to  be 
printed  and  its  attendent  formatting  information  is  obtained 
The  time  of  day  is  returned  as  a  character  string,  conse- 
quently, the  various  substrings  that  represent  hours, 
minutes,  etc.,  must  be  converted  to  fixed  binary  numbers  in 
order  that  arithmetic  operations  may  be  performed.   All 
these  quantities  are  converted  to  milliseconds  and  summed. 
From  this  quantity  is  subtracted  the  value  of  CLOCK  (des- 
cribed in  Section  VII I_A)  and  the  result  converted  to 
seconds.   CLOCK  is  updated  so  that  it  now  contains  the  time 
of  day,  in  milliseconds,  of  the  most  recent  processing  of 
the  *TIME  control  card.   Finally,  the  elapsed  time,  in 
seconds,  followed  by  the  text  is  printed  according  to  the 
format  specified. 
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IX.   CONCLUDING  REMARKS 

There  are  several  modifications  and  extensions  that 
could  be  made  to  the  program  which  would  extend  the  scope 
of  applicability  and  the  usefulness  of  GIPSY.   The  first 
such  modification  would  be  to  adapt  it  to  operate  in  a 
time  sharing  mode  instead  of  its  present  batch  mode.   An 
efficient  algorithm  could  be  included  that  would  provide 
for  swapping  WORD(i)  vectors  between  core  and  a  disk,  such 
that  only  one  vector  be  in  core  at  any  one  time.   This 
would  reduce  the  core  storage  requirements  of  GIPSY.   Also, 
it  would  be  relatively  easy  to  add  to  GIPSY  the  capability 
of  adding,  deleting,  and/or  modifying  the  data  file.   A 
natural  language  preprocessor  that  would  make  it  easier  to 
specify  the  different  tasks  that  are  to  be  performed 
could  be  added,  too.   As  more  experience  with  using  GIPSY 
is  accumulated,  other  improvements  will  probably  suggest 
themselves,  also. 


77 


IS 

z 


5 

sc 

U 

a- 
o. 


3" 

LU 
»~ 
OO 
> 
OO 

e 
z 

<s, 
oo 

UJ 

o 

a 
O 


-T 

2. 

c 

LL 

z 


< 

(X 
UJ 

z 

LU 

e 


o 

IX) 

►- 

L'J 

_J 

a 
2 
CD 

ZCJ 

<*o 
>.o 

oo-» 
z«? 

0.- 

•—CO 

h-> 

Q.00 
(_J— 
LU 
LU— I 
Oti-i 
IDU- 

oo 

uuZ 

ULU 

O 

QC2 

O.C 


oo 


oo 

LL' 

—I 
CP 
<l 
*— 
CL 
*T 
> 


< 
00 

U_ 

o 

CJ 


< 

<. 

_J 
o 

Ul 

O 


Q 
UJ 

»— i 
LL 


•.^LU 
X*X 

X   •>•- 
•»o0U- 

>_ieeLU 

^  •»      X 

X  U-! -«>-' 
►H--5LL 
3C<-J 

►  5     .-Z 

•-K<ICU 

xoo_t 

•.LUU-«~ 
»~   ►ZUJ 

►rviL  nj  •• 

oo>-LU>-h  O 

►H-  a:  i/»  I? 

or  ►-*(_;  •>  ot 

*h- 1/)  a:  <i 

o?  »o  «•> 

*UJoO-J  —    •• 

<X    flLIO  »-<U< 

►  >00  rc»_j 
2TK«T    *   *  ►      "—CD 

2-H     ►Usp-O 

»ZO?<)<-     xor     •-• 
_JUJZ»-t^i—     —!<.  »co 

•■   »UJ_JrV>—       LL  >C 

^i/icoriz  ►      *u— » 

►  Z  <T  Z  — '»-i«*  zz  x  o 

►2    «-00i--iO  — COt-tU-.- 
^-i—JOO.-JZLLit-        I-       — 

IOttU       »->ZlLI00»-.0'. 

OZar— mu'         <ra       •» 

*5:    pxzc.a:  ►^oo 

uj  x  cj  o  *—  —>  uj  a  z  o  -j 

»JZQU.CPXhOC< 
DC    •••-i  *—  to mh U. 

►ux  ••zaru.  •+-—  » 

o  "a:  2L  t—  uj     st  «-<  — >  >- 

•■oouji.  cci-zoQaa 

CCCU.    •>      Zt—GZO- 

••a:  x  _io  13  cc  _jC  >  z 

<t<<I_J»— O      OUDUi 

-uJ--ccoa— z- 

LU 

< 
-J 

o 

IU 

o 


Jt-i      Z       — 


2      - 


O 

z 
>- 

CtT 

> 


c 
o 
o 
m 

< 

o  •« 

e> 

—z 

0>-0       —• 

_jarz     - 

x>>    — 

•■     Ct      K 

uo— »<i      '■",  * 
00>      2C 


o  * 
zo  •■ 

»—z— » 


JO  »-«Z— .cf>v.O 

C1<M—    •■      k-ifV^Cf-   Z 

—  h-      x  —  ir*— C5>-rr'.><r*-.»_ 
— »H  •—       »a.(Mf\jZar-i     >h->- 

<\J»-tZ        ^<I~»w.  ►_.<!•»*-»       i— iC< 

roZ»—     oxct  a  >->air.^.Z<T 
— i»-h  _jo<i<ici:      <i(MO<-«> 

<!»-<«—  o  »r>i  •■»     <r  —  hop 

X  —  a  cc  rn  c  — « — — •  ot  —■  X  a'-  —» or  — 

oof  <r  w.  o -J  o  o  r\i<r  c  o  <  en— cr. 

<xc*r_ JOOip— xir*     x<ct< 

i.IU<DIr-*vau-«UKI 
zu     XX  ••— ar<     u>o     uiu 
<l     */it_>  *■-»>— ox ctz met     o 
-j*:*     ocaKoaii- — a?x     <^> 
cDZZO-J-JULK     cc-Jicyooau 

0<l-4CtOO<^0-J3L»-lULU<l2:5 
<-> _l _l<  X  X  Z  C1  ►-■  ZD ZD MiVU  —> LU >-> 
CO  CD  CD  CJ«—  —  »-i-JZZOt/10000»—  ►- 

UJ 

a: 
< 


o 
c 


c 


78 


r 
u 
> 

0 

cr  u. 

.—  •-  L' 

-C  O  a 

uj  a  2" 

LUX  U 

o«  •»  ••    cr  •►                                      ••        l' 

Z'»—  >v  xj_«-.                                                   >-cc 

<  •  •  -  «  X                    —                                            K 

2  -k       — •  O                                               ►—         u 

O  OCT  t~           > 

o  co  OH—                                                2*          <J 

•■liO  2  O                    •«<                                                   Uj          X 

-5H  a  c    *-       —  * 

i-*U i  *-*  C                     — "-                                                          II            u "                                     •» 

I— co  t/*  nT     c          O-o                                                          ec                              cj 

<r*  »  uu  •»            —  ~                                        u.         c                          v 

\~-  -  3^  +—2-           <t2-                                                      2T                .»                             U 

<T  oh  — -U               »5"                                                         »—           u_«— ■                               _) 

c_i2"  c_  noi         -*~                                         •»•— i         0<                         Q- 

-  Li-ior  — 'oro-  •-*_)                                        t/C"1               ►     •»                 y 

*~UU_8  U  *  —                 — O                                                       —12             (/)—••»»-*                       C 

»-«oa  CD  ©    M-            ?  •—                                                       U?r<       I—  H       + 

2Tv;C  <r  o~ oo        2                                            Uj        >»- ♦                   c: 

■— >»  -  »—  Ohh           -J—                                                 »T+       CflL       C                    K 

<►  ••  a  vT— -J         DC                                            o~               ►>-•—                 o 

— ..  -  <i  ......        2T»  •  •     t_>or              .»             .»        oo     -j     -  — >— a.                cr 

r-  >  —  -»—     +  t     — »    —<i           o           m        coo      ►co»~' 

«— h-cr  cmojcv**     sum  u            o                       ci     oi-uj-'t-v                »■> 

cr<ir;'  u  •••.•.«-» ^  j     ^i.r<-,«^         ..,_ i.».»      ii         <t  ti  C-!*—  02J2J                   ^ 

en  *r  p-tmuir^  v C!*»— '%oci            or      ©o         »•    o     »-<c.j<t2  u'u1  •»            ►-< 

jufC  ►—  ►  *  ►  •.#  c:  -j  U       or  \-            ^,  II  r-i      •••U.  r-    •*      t/0      Ml  a.  ~      Oh-           »»t^ 

OCT2*  s  goooooi/>o  —  •■2'      <»-          >4            uo^r-       II  U    I       CUIKOT          LI ■>- 

uu  cr  u  uju'U'©     mhuud             u»  ii      t  *-*     <■      ^     a.*-0     rr<r         orco 

•— .•  -  U  Sr?5  0~  »J|--UJ            M  »-      «/•;      O  II  \~  U  wOHWUMUh           r>»- 

►••H    •>   »  h-  h^mh^QQ                                       <i>-U    II     •»      <C-'CC^— >l-^            CU 

— .(Mf-t- -  uj  "hi-hh     ccttujHhQ         i^^k^     ac-JC<rc     «a        Kto           u_» 

rM*-*-.        O  O  L'J«-»-'— +  <I<1  O        ►^•—              Q*~(»H»t-n|/>CJCi        CL  ^    II                     »-h        —J             t^*-" 

—  a  _i     <_)  aLaacffx     UU<HDX  cr  \~  \~  — >— i-Jcjl—  C1         h-         h~  n  — i         ou 

or «a (_;»—►--  t'  ►-.»— k  h-k— jwwq.     u  t/)         <wi:ucoc  r:j»—  u  a  x         ^     «i         o'C 

«xar^^  h  h^wi/,i^-j     o      jc        •••*cJUJUJiie:oo»^ov>»-'atci         u  — n_>        Li.^: 

IL'Khk  CDCCOCur      Kl—  t-  ■      hhCC  I 

<^      iTtxcc  »/)  II  X3XX  II  •—ooXLLur,2r  2T  ••                                                                                  •• 

Micvd  2  i/)fc0«/)</)      CCtQDCtJ-ULUi/'                                                                                      •>—  -£ 

isjkjo"  -  u  w                *Ui3                       a.                                                                    aa 

►-.  u  I"  ii  M  ii  o     to                       Z3                                                                    <r 

t-  2l                       t_H-                                       I—                                                                                                 f- 

<r  ^-T~>it-J-iUJU                        uj                                                                    v1 


v. 


79 


CD   ► 

lit— 

?  c 

«r< 

•cj 


re  _j 
—z  c 
>*—  »>u 

a>Ca 
<tor.  —  O 

—  ex   ••U'.utr, 

in  o  >  u*  xu  <  zo 

—  o     z»~o»-'uu 
a  r-"— •»-- u.<:  _ix 

<I  —  f\l  _i       g  r" I  hH 

iyar  »zu- 

•"*<.■  or.  u       •— 'iij^-< 
>-     «■   •.— .crorr 


a. 

in 

X 


-»► -Z 
2rCD«-' 

5:     > 

a  t\i<r 

it- 

—  Z^C      _J 

•jxitur*     ti' 

*-c;CJZLua-Q-«-»«'"»K   ••r^   +QZ 

j_ut     i-t^iiiiuL'  y<nur<"i_j<J 

2" 2'  —  _!•-'> _J|-  5  3T>-~U._J 

U-i^-t/K— lC  t-  <1— *~"<iiXCO 

c"      —  _JU<coO   ►»-i5"ftH-2r*T*X-» 

U'     i/iCZ  <j  ZK-l-^dco^X  — J<\| 

_J      I- !2*»->_J—  2*    »hIUi)-U      ^ 

a:  j~-~_i  •— »u  cococj— co     —  — ' 

<i  r>Kcnt-  ii  i-cou      coiti  — or  k 

*-«  cczzzzzuj—  «j_j—  _i— z 

a  MU.-niwn^a«u.wo;ui 

■a  oo-s  cjuauiMH. 'Oius: 

>  i—  ^  cy  ^aaauaera  cr »-  cj 
t-  u  c; »-- o  z' zr  oc  a,' i j..  <i  c  z"  oj 

U       «.  CJU-  — H  — 'COC'COCOf-ISUJCO 

2  IV 
<J  O 
Z       -rf 

>■    -I 
a    c 
II 

u.     a 

Cj 


IX. 


z 
II 


Z  »»*             t-*  h-  H* 

•—                Z  >■'*■ 

*v      • —  It  k  CO 

*       CO            •  »  tl  Z"LU 

CC-*      -J  UJ|-                          O 

*-*           —  3            •*           Ct 

c,i—     tJ«—  uer         o         *" 

2       »— CX       K-"  »-<—                          O 
O           U    •♦       O  •*      CC  ••       II 

K        ctkr     d?    hZ     of  O 

^      M  cjuj  ii  xu  ikuii»uj        a 

kj  OK           t- 

*-«      *~          +•*  »— t               Z          Z 

_l  M  3          CJ 

«j     a        c;  cj           cj        o 

•-■    a        o  o        oocj 


«* 

1 

X 

O 

CO 

ta» 

< 

» 

_J 

z 

CO 

z 

» 

3 

•  » 

^ 

-J 

-» 

Z 

a 

*• 

Z 

o 

o 

3 

» 

CD 

— 1 

o 

— 

O 

-J 

<l 

CJ 

Cj 

» 

» 

X 

— 

o 

— 

•»-  ? 

-1 

or  .► 

%^ 

o 

»-«-> 

z 

••X 

«/> 

z 

»■> 

CP* 

3 

"»a 

D 

_ i 

K 

i/)Z 

o 

Atr 

HZ 

CJ 

roc 

•*3 

«•* 

"5 

ODJ 

Zco 

— C 

•» 

«k 

X  —  .»coo 

— • 

o*< 

Z?Xt-«Uj 

< 

qlC_jui 

I-  H 

<~» 

<r„jc.o  +  ~ 

1- 

OCJCJ^- 

ecus: 

•►z 

—  I 

««■<— iOCi>^Z 

<XLU 

* 

o£X  "CI 

h-  CJUJ  H 

ii  »-_jo»-cr 

M<f  _J 

hC2UU! 

CO. 

»-icjcr<rcju 

.'CTtr 

U' 

X 

_ . 

12 

— ICJ 

K  — 

I 

-i»- 

Ui<D 

<CJ 

COD 

oe 

2 

U 


CO 


a 
<i 


o 


oo 

<i 

tt 


CO 

co 

u 

o 
o 
a 

a. 


80 


1  -• 

0^.»  II 

<-.  O 

_;-•  < 

•  »                                 "■»    •>  2? 

5  2  .»  U 

.»     u       ..                 ZZITU'  nc 

~    c:    C              -j-iO  o 

-*      !.U      C                     CO_J  </■> 

o    -  oi_c  •» 

a               ^                    »  »X_j      .»  •►                                                                                      UJ 

~-     ii     lli               oc —        _j  o                                                                     tr 

<i      r     J-           •••_j_i — ii     <r  •*                                                            _j 

-*      «  —  IX_j—      cv 

*—     rn      O                  w«— *-»(\i«»u:  ?-      +  .»                                                                          ..               .» 

«—      ►    •—            Afftru>y(/.»     t  y.                                                              o            *r. 

2     n     od               ri-l-a:h          <-•     33     >-  ••  H              «£ 

5"         ••                              tA^O»—  II    II  — 1      K    II                                                                                  -»C                 <f 

~      C      A               ZCCCO^J-            I  C      •-                                                                                  -  <5                _J 

_j        (X               ••             >    3^        „£.«•»«•»        ,»<_>        |_  .—.  ^  _                    Cj 

c;     <j  ..—,-4         —  t/>co  H  UJ^^rCf- *  -z*~<                                >v                     *v     uju              O 

O       UprH                  -J~-               *    •*»  II         L.      ►        ••                                     J.                                 J.         Li.2                   h- 

— ■       —  -J       +            CXII«^^^++  V       V                  .-                             .»                      DCU1                 CD 

a.  c>  I       •♦     ouu     _J  — —• _i  2"      CJ  —                       —                      «-                  OU..'               ii 

~     I— I     jfi     —  CHr-—ujuj<i>  ir>      k-u       II  ••  fM                    <^                c/ice"  ••         -» 

C      </>*.-3           ••      2QCJJH  35  ••      -J  •♦     t-H           r-4           O           r-t                    -  t_)0           3 

>*.     or     ceo      ii  ii  ot">~_jarercco'  H  »  JOZmc^  —         or.         «~        o      •.</•.         t»— * 

i:      *j  .»—«  +        ;£ _i  ii  c  c. >o<i u  oz     <zc+         h         «         v-         oc     o      n      ciu 

Or-«/:Q      jan>-(UX3r|-  hi/^s  ^ruuuiiK  u  cr      .»     *r  <„          ^          «j     cr  2          i^z 

«—      —      5.                I  0*r.->      a.                         U            O      %iO  L1          ~ 

II       _J—               3  h-          OC           .-X           _J       -5                     CIZ      O-J 

H-        LL  —)  |ll    HOC            U       ^O            -J       — t-Ul       V-  \- 

Z"      »"^j<ili                 O  O           O           iZUJ           Ot       hi!'           CJ      X      C           ZT 

C         C     »»-<o«->               Q  C            Z^ZH!|/1           H       «tO           or       u  to**  •  •--■C' 

•-      UJ  2  T  2"      C               H       C  II  a.  ,-i  II 

k           »3t  o        cj        u        z:     -CO  *•    IS 

O      t-—l  K           C       hh           »-       i_      >  II 

U        l'.    *0  D                    li-O           tJ       II  U     "      C 

V  i      C>£C  C           Ui      OC                    0»— 350C 

O  H- 

.j.j      ••  ••  z      ••  ••          *£      " 

•  r     r^H  I     (Mc^i         a.     rn 

o       —«-  <_;      w-w          a.      «^ 

L       h-  a  »-  o                   t- 

K      2  Li  i/.      Z1  u.          «/:■     Z 

c/       U-H-  t/'      lot--           to      u. 

•c"      OU  c_      OH           o     C 

»-      it  o     u.1            l1     in 

c_  a.                    a 


81 


-  o 

+  UU  *» 

—  C  it 

c  <  *          •• 

v-  a.  I             CO 

Li  —j  *-4 

2"  II  ~>          K 

►— -  •»  «k      ••35  •• 

_J  —                                      C  it        —  d*-« 

c  X                          3  s<     a.     —» 

O  to                          U'  ••     !T> 

.»     h-  «a      •»                  C  •»         —     ujh  3 

C  •»+  ••          -j     ■""»                  <t               ••  «■»          J  «>HCC      •• 

c  — a. ..  c          t/)     2.                 a              C  <v         jo  »V         C 

X-~C  O                  —                                   C  >          -~On     o      o. 

2ui      U  II       5                    2"  H       .-O      jZh 

l:j<t —  ..                          2.                cy                txj            z  »-     -"czcito     2 

u     z  —                             u           —     c                  X              U  i»|-i»hOIHIIO     UJ 

K-toxu  5                          i        o    a               i~           x  ••    -r^  +  ^i^i-        x 

X  II  <lh-  5"                                                 Oil                     X  2  ..—   »  ►  »ct      OjOW 

(/?      _j  ix                               I          <T          ••              t/!              *~t  *"-tr  y  ^VK-  Q     —J     • 

<->W»  C                                  to           Ui      — K                <t  ^SC^-^^ZZllUI      H 

_JG  II  Lt  U.                                   <1           X      Cl»           -J                II  U.;**h-4JUUjlUCDtMi-<               «i 

tr»~~-- •••  _i          *ir      J  >— r-i          </i  ••      «r  il>«a  _j_j_0<»       CN      •►» 

U    GUU  l|                                             00             C        —  CC                          \S1       HC  (/   Ot  LJ  OOCO  CLGO         II               C 

ne~ZC  ..                                     <t     UUQ.  +           MO         <r  (_r^<r<r<i      H      ll      2:11 

<ru  t~*i  — >k                       n         a»zo             ra  ..  11  _ j.»  11  ^_i|_>->  11     uh    lu 

—  d  rja  02*                                  wc?«-«     c?            o— .     u_r-4     u  nj                ki 

C>l.  «.|—      ■»•»      „<  »—  ..              — .#*              _j_)      .»     «q:jII  u       11   n  11   11  O^                  Nw 

^JCVt^l-OC      —0:            t'J               OLU      U' II  I 1  II  C      C     h—  lLli||3T   II  _j 

l  t-  uj<tz)  11  z    ujci.  c           —C!     _j     3<x     a     —  uoc  »u:  l.      s»j^icu.               u 

<i»-<3  i-r-iao        «Jaoi                      0     cot 

..a.— -u;  •  •_J_J+.»           •  »      UJ           3                          •  •<lC_>tt.    -tr  »• 

CU'i                         Oi IC7C>   II  C      IHl                           DahUl  rt 

i:_j_iu  11  o<  n  -^x     z    u.a    c                  zu;     n   »a  ^ 

l     (-!-.►-<  SLiUUUiaiLU         OOllC                             LL  >  r-iStlTi—  H 

h-  3E  ••a.                                     t/:-J  Zj 

a 

U   (.  II  U.                                                 U-  C 


82 


a 
> 

o 

LI 

•  » 

•  ■ 

•  » 

a  •* 

h 

•  • 

•« 

•—■ 

r- 

•  » 

•-  • 

o  «— 

«. 

r-* 

r-i 

r-' 

r-l 

r— 

f-« 

o— 

X 

*-* 

r-> 

H- 

1 

r-« 

h- 

t\j 

h 

\~ 

K 

3 

_ _ 

K 

3 

2f  <-» 

<s 

3 

«^ 

C 

r 

_■ 

o 

U    «J 

«£ 

C 

C 

a 

UJ    ► 

UJ 

C 

c 

o 

or< 

•  •■ 

i 

c 

G 

h- 

h- 

c 

I- 

o  •■ 

c 

* 

K 

K- 

O 

o 

K 

c 

oc<r 

o 

«-  > 

a 

c 

tr 

e: 

a 

o 

•> 

•>•»#» 

cj.» 

tr.» 

•» 

•  » 

o.» 

•  •> 

z-» 

•  r 

•  * 

2" 

Cr-iN 

f\j 

CV 

2:  CM 

Z<N 

CO 

2  TM 

Off 

.,< 

•  •>« 

UL 

_j»-<r- 

Z"—< 

"Z*-* 

LU»-I 

u  •-• 

2T«"i 

Lu—< 

*- 

T'lr-* 

m^- 

•• 

X 

nh  k 

U)H- 

LU»- 

Th 

Ih 

LU»- 

TH 

cfZL 

l-<f- 

^K 

•—< 

h 

xrrr: 

13 

13 

ho 

1-3 

13 

1-3 

OZ 

K  3 

K3 

•  V 

~~c  c 

•»I-C 

.'h-C 

•♦    c 

•  »      C 

••+-C 

•  •      C 

k: 

3  C  .» 

3C  .♦ 

+     — 

X 

Q' 

c 

o 

a  a 

ro 

r 

CO 

<r_j 

C       <N 

C         «\! 

►— < 

<A 

i-or 

rrp 

oon 

o«jn 

C_jr~ 

con 

CJP 

oca 

TM 

r-rj 

a-     *~- 

«5 

v  y-k- 

-JK 

_i>- 

DH 

r  h- 

_JK- 

Cl- 

UJO 

Dhh 

Dhl- 

UJ      2 

_1 

aooc 

zca 

zoc 

ZID 

ZIC 

ZGO 

?IO 

0.— 

K03 

KC3 

K        Ct. 

C^ 

roc 

H1C 

LUX  CD 

LU      C 

V       c 

LL  x  tr 

u1    tr 

o 

OCT. 

C  C5C 

2*      O 

II 

t/> 

I 

X 

XV 

XA 

X 

X  II 

■n. 

C5 

O 

—      U 

— 

II  7*U' 

»- AH 

K  VL" 

i~  ru.> 

K    pU 

t-    II  u 

h  ru 

_JG 

zo 

5JC3 

U 

»— < 

u  (-0 

to 

to 

to 

\S\ 

to 

i/) 

t-  is 

Z.U.H- 

2UJK 

O  .•  II 

■~- 

o  i  _j 

-  a._i 

-  a_i 

»  Q  _l 

-  a  _j 

-   O  _J 

-  a  _j 

t-tri" 

U'XO 

.►u. 

5" 

K 

5K-U 

hXUJ 

1-  3TU 

LUXUJ 

IX'5.  U- 

OSTUJ 

ujs:  uj 

OLUh- 

»IhO 

■IhC 

II  Q  — 

Zf 

U 

OU' 

_JU 

OUU 

-JU 

LULL 

ZIL 

b.'_l    •■ 

•~H- 

i 

H- 

c  o 

.♦u. 

K- 

•  •  »    ^—           *•  m    |— 

*»•     |fc— ■             •( 

r»    Y~           •  < 

*•    \—            •♦•    J—           f«          _i  * 

5.         ^Hl,'  I 

•        rHU 

a.  u  in  i 

Hh 

C               C               i 

D               C 

C 

>           c 

c 

CL  —> 

-'O  •  Wis 

O  1  V 

u  x«~ 

2T 

LL 

2*  II  11        2*  II  u 

Z*  II  U         2T  II  U          ^  II  U         2= 

•  II  U       7w.  - 

3          —l 

_ 

1        -J 

t_<rtu 

nc 

►— i 

IL        <—i       Li 

.-<      1 

U'      ♦—      u 

l-H              U 

»—     u 

►-<       U 

IV*-    » 

tt  A  II  U. 

-J 

A  II  UJ 

2f?  2 

o 

r^ 

r»^ 

M 

K 

fv. 

^ 

CO              ••»- 

u 

"~          Ml 

3.C' 

fv 

*s. 

Kl 

Psl 

N 

KJ 

a 

51^ 

s  z 

..CC_i 

••-L 

»-           O  II 

II 

1 

DUhh  C 

a 

U 

u. 

u 

U 

U. 

3           K 

u.  u. 

u.  a 

Z*           3 

•-U 

•— 

►- 

►—■ 

^~ 

t— ■ 

►-« 

O.            1/11  •—  •— 

> 

*—>—     i 

•  • 

•  • 

•v     " 

r~4 

r- 

i 

»- 

r-i 

i-< 

3a 

»• 

V- 

c  c 

■83 


o 

u  ■ 

u 

Z 

*— i 

_J 

r 


u  — 

zc 


•*     -    I 

*»  2"   *0 

nui<*  •> 
►  Id'" 

-..  c  » 

"■-  ac- 

~  II  3__j 

►-    -I 

_JQ   COO 

••>-  »-o:  k 
i-o  r"  *-<  X  c^ 

i  ncciff 


Zee 

^-"  •  •  •  »*■*•  ^- 

K-  —  — -2*o^ 

UjOA'-,3 

zoom  || 

CJX^-i/)<% 
C  ..O—.  QQ 
»-  C  IUQ._J 
^  2"  II  f-  _i  It  O 
t_rn>       tr>»~  —JX 

r  <zrx 

CU  3* 

_j_i 

C_;  II  U 

II-  O 


XUJ 
—  D 

cr-2" 

I-*-1 

«/l  I! 


♦ 

ja 
r~  ii 

ID 


X 
(/~ 

<T 

■hI  •• 

tr.-» 

—    I 

a  o 

»•  •> 

-•CL 

Q   ► 
-J-" 

CO 
X_l 

«~o 

a  X 

»— w 

to  or 
a  H 
~v 
trcr 

Cx«o 

QU.    II   •» 

rru 
..UZD  + 
000»—  _JO- 

2-_)  n  c  n 

ujujoiq. 


Iff 
JC 

^x 

—■a 

2*1- 

►(/) 

CO  00 

_»</) 
C  II 
Xo 
—  5^ 

Q    If 

to 
•  »  t»CL  "2 

mvJTii 

oni.o 
.►     X*-o  || 
••_)     —      2*c> 
C2*-i      ia;M      .. 

2*2*       t-  I  II  LL  — 

ti-    ||  .»0»-'0«-<2" 

-J--<ZX 

_'  n  _ i 
C      II  o 

izyc 


o 

-J 
C 

X 

ar 

CC 
*D 
(/) 
II 

a 
:r 


a 
5 
U 


1 1 J  CJ  CD  + 

zriu 

uu  + 
-jz 
ii  n 

uUZ 


(T 


II 


C 
C 


c    c 
cr    cr 


c 

CD 


I 


»-     «-      ~»     COX  a-  5  or 

•-*      Z      —      O  II  K  li.iA.ii' 

»c~     ■♦•     .-  r     ♦-</■»  r<^ 

CX      •-<  .»0'»ZT5  — "_J  zuz 

»      K-—   •>— »C      0»~<  t-«w»~ 

Q.       hu^umw  II  2"  -*      *~ 

«F  .»Ciww    ..*-       5-  IU  q. 

M'CZ^UJ^r'-'O  n  »- _i»- 
■  •(•■DCflij-DAU  ..C—o^j 
— »»-  (_;<j  OLuJi;  e,  ls*-*2~XC£ 
U^CfcZ  <_JCwOC,     UJSX) 

AH-U    II    ||  »-  CCO      V-J  II  -J      <^ 

r»/ix         n  <i  ii  ituc     n  o  ii 

I/O 


—*       _|U_ 


II 
c 

O  II 
Xo: 


X 
'3 


84 


ct 

•  • 

Q-      •»    •» 

•'          —J 

•  • 

u 

a 

li'  —  ft 

«—         -J 

■  •♦ 

r^ 

II 

a" 

U ' 

a  ii  n 

(VJ           %r 

*o 

— 

w 

•  •                           w 

? 

cc 

•  •5  ^  rr 

>-        c 

c 

— . 

— 

C             i»*t(i,«» 

3 

2. 

•  •a.  —  +—  5* 

•  *          •  » 

h-      •♦a. 

_J 

Us 

•  » 

• 

c         rirrK— i 

2> 

3 

OUJ2MA3 

C        — 

•-      ~C 

c 

c- 

— » 

II 

C2-W» 

w 

2 

Ol ^Z 

C        ¥ 

K   »r'3 

1 

J 

c 

— 

z-               LLCC— « 

a 

— 

ZttT.<-4— 

-     w 

Z<"><f  — 

— 

c  •* 

o 

—t 

u   >'     ~<s*z>  •••»>— 

— 

Z3H+* 

7-— en 

li'XXq. 

— 

X  — 

♦  »  w- 

•  » 

•■ 

I—      u  <HS>ci  — 

«ia> 

»r> .» 

LUOt^UJl-°  •» 

U/IM\_J  t» 

►  ►  »l- 

.»tn 

II  ♦ 

_J(X 

r— *  •• 

Cf 

"V-  X  t.XC  <—lL* 

'Of 

o<^ 

lOffiNwCIVl 

XQ<trvj 

y:^  it  i/)«~0 

tru 

►-•<j 

h- 

» 

«•    x^»-         crzrz^ 

j  m 

►—         ~*-<—jCC< 

H-_l*— 'Ol 

«^~«-CC-3_J 

a  ii 

2"> 

+  f\. 

a 

«-*.  ~+      n  i"y  <rco 

•»o>- 

ii  c/w/yot— 

naK 

LnilU.O' 

ia 

_JC' 

•♦    o 

H* 

T 

• — cxr-      _jr_iiii 

cir 

OC        n    |  ID 

o  xuur: 

_J_J_J»^ 

1  x 

c 

ciiz- 

cr 

LU 

u-  2-X(T>or.^«2cc.Qr2'  11  c 

o-  a  a  v  ii  c 

a  ii  i/>o 

CCCLCD  ||  *  || 

x .. 

c      ♦ 

cr 

K- 

M  a.      ii  ut'X 

OJl 

lUU 

H  i..  u      u> 

u  m 

<j  <r  <»t>^tf, 

f\l 

u  X 

~-- 

f   «q    ||  XU 

a. 

CjC  ■< 

-•xcDcr     c  o 

..xa    c- ••!—»- h-o 

••o 

i.LUf^-  .. 

t.'DOI  •< 

•  H  c 

•»a 

>        > 

3E 

•  •_H~C 

s:?     _jh-o     _j     y~c 

II   II    lljnjCuihCCvjIlC 

i-ri-  .. 

LI-   II  X  U   -  C 

3J' 

-•oozji-sr:    ao; 

ZU-C      D2 

.  J"!^C-50ZJD7 

ZJOIZ 

cazo'C 

•—  X_L>-'i.C 

21 

MCI 

h2Z       XCli>-I      CU. 

_J-5*.X 

•X.LUUJC.U 

U-iLLlIU. 

ium 

■ua.  c: 

LJJ 

U.X 

85 


••U    CY  li.         •»  ••</>  CVi  ^  I/.  U1  C 

rKv-K    o         c:_j  >        c        ft  '-c 

•  •  ••       C  ^:  C>»— i       Uj  •»       C  <i        ••      H"         •»&.       III.        •»  "^_J  •  »  2. 

JT  ir  3cr-iAi      crcr  •-.      c ■     ■*-*     — >C'     H  or  '"-J  ••  — rO  O  u        II 

..     c       *—-•■      ZC3|       ?ri     Za'      w~*     K  .»^3      OQ.Oh«  »X  _i  X  •■ 

—  an-    uucx-ocr     :?h-    tuu.     »-    z  — ♦  —    ?q.ozi-  o: —       c        »-    — •    -* 

cr    z     ii  r^    r  it  ii  *    zd    tw    is    u  xxtt     no       r>        it  — -       x  :*      » 

«~     u       ZC     y-ccdoC  •»  li  O     • —  II  O       »  *  •+-  •»_J</12'  II  o  Q-O  —  x       ►.►^ 

u  «»x     5             sunn— u             u^            ^^yi/)«»     u?U-  u"'?-:  —  </i  •»(/}-»  z  •• 

__i— *l-  ••I;c»«ccjcCoccCjU'OC  ••C'C  o  •►«-»"■* CT -} U- O X OC  •»  OUJO  «*  <h  ►!<« 

a:        Mjh-rTjjNjKcaj  h-ouju.  ujz)-^«—  m  h_jh-cj  ji-i  o  _j    «■»  »_j-* 

Oi+r-ll  CDOZ      rDD-OC?      O  OZ JJJW  I       —     OOZ      O—  |l  -J  </?  I  Ot/>tt)<M 

»-'     ctidooll,'  ii  zzzi^xwiu  ii  x.»outcDcDcr  ii  *  ♦.mxxcJix.     Xoro  o  n      ir>  »e>o 

c- c  ii  <<Kir>ico-ot/>                  k_j»»  x  ^*-»^^*-_j 

<t     x              x                         x  hhi-c  ••-i_j<f            ..uJooc^•-^  ^"Xu-zrcDo 

>  n  li  ii  M  _i->h  O-j            Ctrcru  n  .»«-'w^<rwi 

li      il                u.                            ul  «j-}*lO-50Xi/>             ZT-O      +  ~</>Z'-«_JO£  — 

xc—              •—                         •-  _j-jstx  •c^'ii            uju-co..  <j  -4  o^o-jcch-x 

rsj  .r_i  _joj>-r3'-«cco 
►-  ii  oo  oo.*-cicor!Z 
3  zi  xaco-~~</>uj 
Cccuj  «— rrcora  ii  j 
•  •  Xt^O  kk<m 
•J">  •  •*-  t/>V>G 

KOOw  ||  CTOP«i 

rzz      roc 

-j  ii 

Of 

II 
u 


86 


•» 

i 
u 

<-. 

-  r- 

i 

•  » 

r-  ' 

#» 

c_ 

♦  • 

ZT 

— . 

•* 

— » 

_j 

r 

••      5 

L! 

i<r 

— 

•»zr 

tM 

r 

c 

«*      ^» 

X 

2? 

— 

G   ► 

+ 

X 

5        X 

»-• 

<T 

tvi 

c<r 

"™ *      Z 

u;      z* 

'■-'       ^i 

_J 

o 

c 

zr      •■ 

n 

.»ii 

s:  •»•- 

•— » 

Ii 

or 

_l 

Z*_J 

» •  *  o 

•» 

icCiX 

Q  ~_l 

>— 1 

— p 

H 

c 

a.  a 

3— o 

3— • 

ZCI- 

CJa 

*— 

-5 

••  r 

X           — 

"IX 

►Z"_J 

v-**^ 

<         ■»• 

u.  w^r- 

_J 

+ 

-3-" 

o 

rH| 

**•   ►O 

•— v» 

j?ir 

ii  a  \- 

c 

a 

I   -* 

II      ••     •• 

& 

O^I 

CJC 

CC  Ul/iC, 

~  Z*  II 

t_' 

•* 

•. 

— »A  *"■ ■ 

+  Z"»-  ••>.» 

•—    +*— 

w__, 

CX<i 

0"  ►—*■"• 

•  • 

o. 

(/ 

CAZ* 

— >      rv      »-, 

V   «"»i-i 

U  i  <h  a 

UJC 

"-"K  _i-sr 

<  -I? 

ir 

r^ 

»  »r 

•> 

— > .»  +-*«—■ 

3  A<£  it 

ZOH 

z»x 

rr     tnti 

—  a*-- 

^ 

»-- 

^*i 

1  s»- 

+  — "T^sj  co 

X  2"  1 

--_jco 

►— w 

•  • 

^     x 

UiOUJ 

<3 

I/) 

c_c_ 

o 

2*Z     »CL 

1  «-»</<. 

JOff 

_X_J 

II  X  II  »- 

'•^      ^    4C 

_J 

•♦—-_! 

—  _J 

•>    ►  <t  -JZ 

•1-J7 

••K  XX 

i~h- 

*-* 

< 

X— ■     — 

er 

Af" 

U."~  iv 

t—  r- 

•  «»— 'C  C  •— ■ 

.»  —  C           CH            ,»„    l^^l/) 

—  o 

zr 

—  _J"~C 

J II  — t 

t- 

Z-Xar 

—  X 

►  -_ji-j 

—  Mjl.'                ||    C 

Cor 

»oz 

i— iCL  »— ' 

ii  t —      a. 

ii 

•>~~ 

J  Mw 

_J— 

—  vj  c  «--a. 

•—"-O  _l  11       z 

1  —l-  ii 

c  —u 

n 

w-O—     || 

x*c 

— :r_ 

_i—  ♦ 

C  a 

O  C  X  X  ►- 

-ji-  rz-L! 

1        CfV^ 

C'O:  _! 

lu—i-    r 

2  0^.h- 

<f 

..  i 

f—  (VI 

o»—  .» 

"--J"—!-:*'*-   O  — X 

Z'»-  er-v* 

K 

•-*■ 

Z1  CE  (S 

l:  .• 

»--(/->c_ 

xct-> 

a  i^f-< 

ujOct  cvzca  3 

(/>~C     ..'Ui/- 

c  .. 

i—       «rrj 

_c: 

+  H-C  _l 

C'CC 

z  xi- zr 

U  Q-(— 

ii  ajco_jOt/)CC 

_JC_ 

—1  II  Q- 

OZ'  +  nC 

>— O* 

>-r?  • 

->-•  — t^U  +  rC'LT 

x     r?jr 

cz 

K        U'U 

XUj 

i     +oal 

CO  1/1 

— ia_cc_j 

2:1- zro 

zrtA  n  in 

-OJC0 

XUJ 

X-~5"*- 

la 

H       1/ 

.»       «<*d£ 

'•Kt-2-C 

mwUj 

c  C*J 

— 

d 

•  »cr  |i 

t  • 

»~otr</5 

_> 

•  *       ITilA 

II 

a.      ii  l>     l    n  c 

c:cl     u.  ii 

II    II 

CU.^ 

u 

~ 

?-?J 

2* 

1  —X>  II  -J 

u 

Z'«—UIU 

Xf 

'O       «/N 

ILC       ~Z 

•  •X 

or  3t 

hi- 

UJ 

art/"'     i-»0 

Zh        J  X 

(A       Ci 

ii  er     _j 

ttZ'"-> 

ox>o  x    c :.cj  xx 

CUD  ^'/!       XC  U-O 


87 


(J 

r-j     ii 

•~ • 

•-       L 

i 

rvj 

ii 

ix       a 

•  ♦ 

— • 

» 

•  r 

:f 

— 

a      —« 

a 

«■» 

»•< 

a       Z 

a    •> 

* 

LL 

C" 

>       2 

V  ~x 

— • 

1          1-4 

cr 

c 

1 

H>   •  *  "*■■ 

•  •  CL.    •■ 

»— • 

V« 

s 

Q 

Z~Ql 

-~5  -. 

«_ 

•**     ex 

3 

••< 

G 

_yf- 

?ro 

u 

•  •      2T      UU 

2 

— o 

•  » 

••C.  200 

3F  2<J  •  •       •  • 

2 

—     ~-     cc. 

— 

•  •a   •> 

O  — 

OH-<ra. 

—  ^-^QC         ^ 

•  • 

•—• 

5     ut     s: 

a. 

—a. 3 

l-S 

2^  _J^ 

jIuuj     *: 

t— ( 

_J 

—     2     3 

t- 

zee  * 

■» 

U  rr  <r  tn 

n-2-cr 

H- 

x    •-    z 

t^ 

5"  3"— > 

>S 

c  r      H 

UC-"Z  ••  II 

+ 

C 

C        J       *~ 

cr 

r>r?cr 

Of 

«.  (/•  ii  a. 

— 2_ir»~ 

<I 

□  »»C  ••■Of 

— ^ 

-JZ>J 

•  V 

II  o 

U  —      u, 

*i  1<-<I— *:.  2""* 

C^ 

-J 

U-  — OOH 

t/J 

C'— w 

i. 

t* 

LL 

— 'CO  •« 

•♦Cj—ir     *-"2r 

Z 

— 

5"h?lA 

OXU! 

X 

■-< 

2 

II   U'HJ* 

•Cw      r~  H  of—. 

tu 

A 

•# 

II  w       UJCC 

li 

-1-2 

II 

_J     -~fv 

2"»—  ii  <-»     a  U". 

a 

X 

o 

u.ncr 

•  • 

?OM  .1 

*  •» 

II 

+ 

O       •• 

Qj.  •— ■  r"«  2     • 

■  U;t—        QZ^OZ 

<x 

1/3  •"* 

a 

—2      <li/). 

"-(X 

OZ_jor|- 

C~|- 

mx 

</1LOI-  IA        »— 

Q 

«XO 

a  •—  — *o  •— ; 

*  uu 

•—  U  \-\\ 

2 

— » 

O 

CT2 

-o^t 

C  Ocr,0_j_i»»«» 

_J  + 

2 

-+-J*- 

2CT.  ••»~_jr^cc,-H 

Y 

2 

2 '*•«-' 

5 

aaaor  _) ce- 

• IL 

II 

(/)-» 

uu 

—a  — ■  ii  u.  • 

il  o»-«     or  Of 

«■» 

Ui 

LU*-ac 

re. 

il  <(3«02 

:e? 

t— i 

X 

U.ICLL.       _J, 

jDZW  ii  *DO.UJ 

O 

ilia 

-r 

JOi/iOUH  U. 

K 

••o 

•  • 

M  *■' 

h- 

•  »Z»— Zcr  •— ii 

r?u 

O     cfZC 

2 

«d 

hZD 

ft  O 

in 

U  1 

3»h      •—U'X 

a  on  h- 

•— • 

a 

»— • 

UJ  • 

»»-j 

**3* 

o 

J  11  -JB"3 

C_?c/1 

—J 

_J  < 

»•  •» 

c?_u.» 

H 

II  OOh- 

►—••—<  •• 

iik     ci 

li  ace 

_jauu  ii 

H-IC 

3 

«T?T 

'--JO  n 

rycro 

<r  t* 

<TCT2Cn 

ii  r><f2 

Q-U-CLL-C 

li'CC 

i  ric^hzc 

3UW 

c»-u.'<o«t  rouuu 

oc 

czc 

C 

•  •<:»—  2 

r3 

UJ 

> 

H  ' 

ca  +L. 

K  C  II 

czuiu.  la 

ZD<r 

a 

►— » 

aau. 

i— • 

00 

88 


3 

C 

IT 

3 

•  » 

t» 

o 

w 

«— 

*r 

or. 

c. 

2 

«, 

Uu 

•  •Z 

z 

< 

CC 

2T 

l—l 

«•»> 

<D— " 

—J 

5- 

W 

_J 

r— 1 

-J 

•• 

..       CO 

35 

X 

K 

— • 

C'l- 

* 

»-«           •» 

z 

»- 

< 

o. 

hz) 

Z 

II  ** 

•  • 

c  •• 

z 

c  .< 

•  <i 

1              <V 

II 

— »t.3 

*-•— • 

1— < 

P.|w*> 

_i 

^    •■ 

r-tr-H/) 

<1 

-J 

.»         <rcp 

LL          r-«a 

«-» 

+         «a 

1-  » 

H 

*   n  l~   »C: 

»u 

to 

—  +  _J 

>    !«■» 

~ 

jr    — - 

>►— • 

I      i-ia~ 

0 

►— '    •    CO 

O—t 

C»> 

<*^Of-'cr 

►3T 

a 

«*■"""» 

IAJ«— 

**m 

•_J       LU  — 

■*■     or.  r: 

.»<a. 

U  •—  |l 

2 

<i  a  c      Z 

ii 

..      2:      u-iZ 

—O 

*.    ^■* 

—  5 

K    .OD-J 

.-»       «— •       Of "  «-- 

•»or;  ► 

»— 'U  «— •  . 

-or 

»-..— . 

t— •        r-(~ 

^^  «r 

?      uj     ?"a 

-»ULi3; 

_J^*-r-i— '^J 

cj>  — « cc  z — _j  3r  —t 

-~    z    rt- 

7111   •■ 

a  >—~- 

Q  C 

UJ«— 

UQ-C 

— 

5      <—     ?l^ 

5  ac— ; 

>''_>»-  t 

*-<C_> 

z 

M  I.HL 

FU'  + 

Q'        _J        w(U 

— ■  —  a- 

V 

i-az 

St"«- 

— s 

I-*  — 

'Z 

•  » 

c  ..a.  .♦ct  — 

jZi 

•# 

* 

—  (_  *~<±.V) 

or 

'«-»      i/; 

»— <  u. 

c 

U.-»LUht/) 

(_•»«- 

x 

.»      f-O.  C 

t»— »_ 

lr-«i~* 

-J     ..z 

^K   ZV; 

OIU 

x 

oa     a  _j»- 

CQ.C 

iw        ,_ 

H  II  c 

Uj 

•  • 

II-       U  CC  II 

—i-  r 

%* 

Z»-t+  or  c!r? 

Z«—tJ 

II     |,   ~ 

is    z 

c 

at  11  or 

zc?*-*  •• 

11 

•• 

7 

O 

aif     u  ua 

U   *w 

z  r^. 

OU-Ul 

•  -    •• 

o 

»-»2r     <i  too 

cj^:_i»- 

•-• 

«_) 

•  » 

<^a> 

i/> 

*— 

ir  a 

rr  »-.«-.  Q.»-  U' 

•— <u  i—  z 

<•» 

CM 

^ — 1 

O  M 

c 

_jC 

,~Z 

z 

•  J  12.            CC  ..».-  _JDt- 

2  .- 

^-1 

.  K 

O 

i-  ii 

h- 

1- 

(-U 

UJ 

-a-nu,5CH     ra 

—-it' 

<B» 

<r 

f-«—» 

Z>       LI 

~3 

ra 

— \ 

I 

IHC'U)      _OZi/)  M  «-0..U.'O 

K- 

2. 

•»        3 

auH 

D. 

t-j»— 

lj«« 

1- 

..*£h  ^ra:»-«iru 

|(_J     cr(_i^:<i 

••      -< 

or 

•-iL.i'-' 

rv 

~»—       >— UUX 

0.(/-)K 

mC 

c    y 

O 

k-a 

MO 

_)  II  -JCC2 

OiA_i_l 

.-5 

LL 

11      0 

K 

HI-      as: 

11  ora-'_ia»- 

II  CO 

iT 

••     —■> 

"* 

II 

i5^03C3 

<rz?<JtJD 

-Tljj 

►-< 

OI     (_ 

C. 

r>c.iyh  z c 

ZJroc'OH  a  llu.  </" 

T.U  -? 

O 

II    » 

— < 

c: 

2 

CT3 

u 

0 

h- 

•■    •"!_ 

►— < 

O 

<i 

2 
Or 

UL 

t/j 
CO 
LI. 
O 
C_' 

o. 

ICC 

•  « 

<i 

h- 

Z 

LU 

9L 
C" 
IU 
CO 

89 


X     at  ^  — 

in     Z.  ••  — »  •»     • 

<d     «t  «-*  a-  —     A 

-J  *J  *"'  UJ  «  - 

••  IA  CD  »  K  V  » 

—  •  lf\  2T  -  — 

fr,  »■»  ||  u>  UJ                                       »  O 

••U"1.  Z*  ••  ••  ••  — »  ♦ 

—  ►  5  — >  — '          O  ••               ••- »C  Z  Z 

••              — »»-j  ^J  r^  a  •••••»«■»  •»  ««*^_  jr  x 

«•»  O     ►  _J           »  I                 <•-»••*■»— •••f\l«"»         ..r-«OC  D        w 

-  OLO  O  ••»-«  o  »-<*■»  •-<•""•■»    »r\J  •»**    #.000  _]••_( 

.»                  u  wft  oo  I  O          «■»  •••-<  ••  ••rvj^rj   »•— r^c-"  O^O 

<—              o  •**<*         »<vo  or  vC  *o  -*  ♦«no  m  ►orxtz'  o*mo 

o  -  — ««•■       m32  uj  »-u.  »  »>cg  ►iMr-o- x  oro 

ar  ••••»-'«'  •»*-C  T  Z  ••  CLC   »OC  •.fil:C^     ►oC'-'K  JCJ 

— '  ii  _>-*-'»"  •— >"     ~  5"0  r;ocoof eccx.cc  »o<r— •  o     o 

*r  r  '-'^7^  <N»ft:c_j  r>  w<ta<t<oru<oaczi  »ioi 

►  z  »s  e  cci-a  -J*  u<uu<-ua<«'XM  -.^^-w 

—  — »  ore  -"u.co  o  iiwo*-«-oa«*<'oar<i  -joccof 
r-  «•     «n  ttiy_ii,->  -"O  ••  uz  a-^-oror— f-ofO*'h-_j— j  »-o>- 

—  M         »  «tr—      AW      **  >"      -*»-QC>—  KQtt/-ih--'aooOtO  v  Aon      tr 

z.  cm    —  oo—     r»-z«—     ii  r    "-tooHt/iuofr-ccii/OGtHero  #  rccz-ce 

T"  ►    ►-..^^.^        t/-u"—        -J     «^cDt^crff</^r?crKc^r>'*'  ii  ••     IDU-'iT 

•  •      D  O      *~0£.      •-      ZtTIX       -*Q      »-Z>CC3X!0DtoroOCCtO  -»Z<Al</> 

•-    c:        u    •".     zt/os.     rr«^>    o«-»*-'       uj    1/5     n»/>  u     rri^  n  o*-       —     ••>    -jxx    x 

2!     O         a      U     u-cccfa.      .j-'OI-l     2  li      j-  II  M  II  II  </">         a—         »~     O     Cjujoil 

—  «r    «-    i-rs^a    ox    -"4-c       2*  —  ii  —        ii  «-»<!>        «~    _j    iro    c 
it                o     or     zwoa  ••oil  ii  a     i~.z     r:-*-*^-!-.     *~i-«.  h     .-•oz        H-     u  »«-oz  ii  ? 

—      C  <I      t^^U  II        II  ZOt/)      »——  ..C-'^'  —  H  >-t/? -'—►-' Lv,      |~  OI      5t      H  o 

3     or  cr      ••    k      ii  u j •-     er  ii  lo— ioZc/iujoz—ujijl;*— 'Oi-z        k     oiioujii      ii 

-"    <        »     r^.— »^-^>    -j  ii  a  rr    oc?    «/5  0«»-'Ujzz*'_j<j»-'C_j       z    <    z_i    ll 

h-       O  O      to       M(-Ot-?MC'M(/)I  tt  (JU    »l! '«  U)Q  ^  fJ*-hUaClL'  L-'       O-^lJL'l—O^-tZ 

cr       ~  a:       —i-k-'wL.-'S  I  OQ-aiQ  *-•  J _J Z L. •  Uj Lb C  O  5"-JX 

U    ••  LL  2  5        ?03  (\jO-LLrLL,a:-ja.HU-:0  -J       Z  JD       3 

t/CK  i'   iiorai-a  J  (-aseu^at-wooi-t-  c     jjii 

??h  ^       _j      UCLUC  Ht'  rD«*!>L!V<IZI-wU  U.  I-       <C'      CJ 

»—  t'<r>  l-J      nhILILCILUC  Cvt/ll/iat-ih  «/l-J*-U>J>    Oh-  i?      00"^0 

li  -.     x  •- 

I-     3: 
i~         <3  *r 

>     c>  o 

e          or  D                                                                                                                                  *-* 

CD  K 

U  < 

2.  > 

•—  Dt 

o 
a.  u. 

u.  Z 

a  »~ 

o  o 

•--  <l 

c,  u. 


90 


»  u              + 

UJ                      —  «.  .»       >                  X 

>              —  —    c  ► 

r                                             —  -»  ■  ■  '•-*  •  ec  •  •        *-* 

CG                              tr1                                                          -  *-<  O        <T                       C 

~r                        •••                                                           U  +  _j                                     _J 

>  x  c     2*           o 

27               — ■ —                                     C  *  X      "-1               I 

t— i                 +  — »                                          CD  •"■•  «->                           *■•                      •• 

Zf\j..                               <?  O  O  ••          cr                    C 

c*               •■  I  —  _i  »—  I—  Z-*         »-                  C 

n              i-hjz                              jr  •»                      •  »     CD  ••cr>»— >•— '<a'         i/j 

.►       U-                    |    >f  ♦              ..,,»-.  M                             — >       X  (~<>—LM/     ►            CO                       2* 

—  K                   <_>2Lt_)             »• "    .'    »•  •-*                             r-l  .»—  C_>_J Li  !/"><-»             IT1                        *-»J 

c     *-h            +5+         «->        a     o  |  ••                 »ca  *-"■"'        <"                x 

_     t            ?or          I          5     2"  o—                xck  2*aa"?-'-        —               t- 

x     _j           ror         •*-»    k     v>  r-<+               r-*2cb  x^sco.5;        r\i        ..    - 

—  'ii            juj     .rrvx     «•»     ir  »o                otuo  >— f  tou'r?  ••     c  •*•»<;     *»'  »'<> 
r  ..        o  *0     o  ►fi            »-« •»  o    ►                jlii  »—  _jcv  .»_j— >o<v     -  Kiro 

hh     —        0--C.         a«^     Hi-J-        xa      »c  k— -  Ohh"-ccccH     (_/,»_ 

.»c/,»-<C_)<i            •>  »  *      +5;  _j  .♦(/)»—     «a  LUX      — •  *■•     X      x  ~rsi-'h2I  I  +D     M  u  — 

C*~C-ix:  -        ccc         uviC-'L'.ot   •■  \~  li  '     h>_j~.  i.u..  iiaa'x^f.u-iiu     C             C 

c  _jun.i->        _j_'_j    2*i-    ••£_; (tj «i» -—  ~k     cj     »-(r- e  _i 

2"*-'          CDC      ST^Q.               h-—»  0T-*      _IA2T»--  21  U          tU 

2"Q-0,<i—         ill     ^ff:?.zaaH.^  H_a.     o  r     </)-  •-  " 

li  •— .»— >_J2T          "■""■f"!"      jhUlUi'-ii-J7  t/">r-      X       IICT       ||  H            - 

I^^<J            QlCCO.       C(/)hI^^»-'!  CO  CO      —X      Z>  II  CJ  •—           •— 

h- coi/>a_~  ..     |— I— I—  ••oa.»'hi/;v)^l:  ••  ~,a-      X*»fM4/s 

2*_ia  .*</)i^ui2r     ~x            lu_jo  ••t/o     |-     o     n 

CI-I-2C   CCC  CC  OC        llWlfOhl-CCCC      C        CTU.;—(  II 

r^r>- cjr-^zro  »        o    ^r5-ot-2"ii  ?jo    u. 

IICiD-w  —  LOlDcO^l/-      2T  II  2T  II  CI  CV  • LAlU       II   .»u»-*x^  •— 

il  H      -;5      •-<  r-i     hJI 

2.                            Q.C          DO.'  (J  CQ-3 

y  _j     ii  _J5  ii  _i5  it  ii 

a                              LUC-           QU       LL  Oli'           a 

»"                               l-X       IChUH  Il-K>-L 


r»i 

x        —  im 

c_- 

C»      CJC 

-j 

|l  J-C   _J»— 

C 

DZ<CO 

X 

xotu-  xo 

V 

K1 

91 


C  M  JB 

C  C  I 

_J  II  •♦ 

?  f  —^ 

u.  J.  C 

"X  —  •  ►(_*  II 

K  _  C'w 

t~  <—  ••  C5  OCT 

x  3:  •»  c  c  z*-o 

»»c  — ■  o  o  ••  —  UU»—  w 

~»  i/j.»  C  C  ••  t-  X»-«Z 

-JC  UJ3  Z  C  t-l  Q  kOC 

•.K  ..  H-  Z  U-l  UJ  Z*— 

Xf1^  »0  II  »•  IU  X  Z  +00  -oi- 

•■(_: —  cccc     r:  x  1-  u.  z  jc^ 

r-i     —  •-.— -r  j-  X  ••**  *—  «~      CJ 

t»OZ<M  OnClk                •«  ...  h   •'  -  C  11  wz? 

..     — _ju  c  KhX~  -r-  a  nr>             q  — O  •»«—  •»     luulo 

»vi      >>Qlj  h-—  C  D0<«  uuo  ..  -  u  ..          -—  r-C  ••*-     Kit-  •»          •» 

—  ihr   •.  h<c  z  11  "'  «•-  11  «""  I- 11  f"            a  <s  —cm     r^K     O        — 

—  Aw      X"*  II  7C  •'      lU—fn       Z  — »'ri       Z~ 'ff>  II  •<!        I  —  »-*    ►      £T      IJJfO  a 

t\j      rar-  ii^'q:h-o    cii-     r:xn-     ujxi-  >        t-  .-a.    •-<•  uik        s 

c:         k<i  II  +  c<ioz     <ID     Oil      Dir         (vio.-Xd:         --«2      a    I  _0         iu 

_     vtA»  :?_i>cru.'     a  — r      o»~C'     *~*-o      ••urn     uj  -hi     y   »  iuc         k 

c  ..wa-  v<vx        c"1  -o        »  o        -  tr        ftjn      iiv»    o.i-     hn  — 

•»x>-'    x^cs     »di  •» n  zo  •»  11  ?r  •»  11  ?r  ..-rvc""— *  +     Zr-"    ?w„<fK     c1  •» 

c  u.«/j     _j  11  c:o  cjrsiah  cjc\jctf~o<\,oc>-o>~XC     x«—         L^aa_n         ho     h»- 

z  11  +  _j  11  u  n     z     u  7r<?rvc<T7o<:czr    ox         +     »~h-     on      oz    co»— 

u         ^,rv  xixaii.H  a'_;>(jin_i>triu  j>ou-c  •••*! « ••        ^woj"h     oul;    »—c 

cvxX  j  C  C  C  r~cx      OvOX     U.CH-  lu  _jiu 

03  (M  XXX  C?ro<t  11  rvirj      ..f-r>     K  •♦ 

-J  II  I-  KK>      »~H  II  Ot/-,0Qr^  00.0. 

c?  '  C  3  u  a  u.  crcirr     2"cr        u.  ?hh 

xxn  c  *-  •—  •-»  cozicnxujDii  11  •-  ujv* 

cr  com 

Q-3 

II  5-  hl- 

UjO  X  3 

k-'H-c1  a  a. 


92 


c 
r 

a 
U 

D 
O 


<i 


Z 


i/-.  .. 


X 

<  t* 

_J  «-» 

tr  »-•« 

►  I 

—  C 

z 

5l       Z 

x»-2 

ChJ 

oxc 

a     •■ 

jco 

OK— I 

»icr 
irx 

■*90C  — 
•  •AH-  ZCjl 
— •  firM'h- 

ccXf/ 
II  ZXh-O- 

2X3  —  Ou 

r_jx 


o 

2 


> 
c 


li'    •■         II 
>  — 

Oh     e; 

5        ••      XOUJII   M  ..      wIM- 
'•iJX  «*C      —IOC  t-tOX 

l_jap-i.»c~ z<_  a         3 

hCOl-CUU^      5"  M   11 
•  CJH-  3Z      -J  II  U  U.  O 

ww(/UUj..mUm|.    X>0 

roX 
CVJ3" 

xo 


Q_  C  •• 

5"     KH-2T— 

•  •       »— C  •— C-K/l    » 

r-«  C  Q-  t—lr-A 

••Ot-zo  a?- 

X      oou  »— ■»—      2* 

►  ZOCXitiCG  5 

O-U  ~  K  i/~  tyn  aj  IT  •  » 

2"Xtrt  V--JO 

„      iuh-wOH  y~—  OG 

-"»••»--       X      XX5  Uh 

>_j'-'«  u   11  a  c  •■-  ^(^ 
"-•or-  o  -j 

A  71-  •  ZZ  U-' 

r    (/>•  •—  c: 

H  cd      11  a 
X      X  II  Z»i  — 

•  •»-  CNiV, 

•-<        O        NJ 
U 1  II 

1  «jO     u 


♦ 
x 

ft 


a 


t/-> 

a; 


t/0 


r\i 


o 
c 

z 
uu 

X 


fVj 


Kj 


K- 

X 

c 
xts— 

•  •Q-ZCM 
—  5"  Li  CJ 
>U   X_; 

-a 


i»J""UN       NJIsJtV!      —       A—       X»-l 
DOr       K  K      cvi       ra« 

ZII+I     —  MX      C         f_<:n  + 
u  hoc  c     _■    x</>- 

r>'     x         -  r<         n»-d  v^x 
a        c  .»<!oo  .»x-<    smo 


c 
c 


X 


3  •• 

00 
u    11 
f— 
•  »X>— •► 

a  CDC"  IT 

•~.«^<"\l 

H-CDC 

ti  »-i  r~ .. 
11  r  j  nr »—  cj 

D<iCZ 

3e-j>c:uj 

c 


lit— Cj-   _iKCl  U.n/>      _i  11  CjCJ 

c        uz    nr?n+_jiiua    z    u 
X      xOUivXCtU         h\mIxu  ,.»-< 

<\JXX  r' 

rv;  O      3  r<- 

— I  II  H- 

u  c    o  r> 

i-h  xxo  c 


93 


C 

o 


U.' 

x  .. 

u 
r  ii 

U. '—»  •• 

OCIT 


c 
c 


IU 

I 


Z 

Lt'  .. 

IO 
K  0 


a 

-  0 

a 

u    II  -    II 

—  cjit>  ucrir 

'-s.N  CJ^~<M 

Q.IXh-       CJUJK  i-<LLK 

-  JD      -  _jX  -  _JX> 
bcc         err"         ccc 

li  «-f  h  «t  ||  <-r 


UJ 


o 

►  II 


I'  ■«.! 


X 
<r 


f>C 

<T         ||  — »«^ 

_jC~  •— 
—  O    ► 


—  •»    o 


II 

<\) 
If 


h 

IU 

•'  II  »— 


a:        ~ 

Z         c 

ozr    c» 


rc'<i,cvu<iozc'<razr     +■     o  + 
a/j>CLu_j>c;ix_j>ouic.. 

C  C  O  if'CU'- »»x 

X 


I 
u. 


x 


H-X5 

IX        _j  —         II 

h-~?0       It I 

z    u        c     z 

PA    ►      — O      ? 

o     u     •-•        ^ 

i_  _j  •»—  ii     _j 

it     co         a 

+  IOZZ      CJ 

OfM     rofv      .»MZcyZ|-r»'U.' 
I-  I—  II  K  \-  II  C  wj  Kli2JC(/i 

o Z5    x  x    ?i-r^T"r?j 
cccC'Cxirzjihocu  uu 
u  crx 

Z  O 

oitu.  ie 


-f 

a 

•  » 

fM 

•  • 

•~ 

O 

o 

r-« 

_) 

c 

c 

X 

z 

«»  •»         » 

^- 

UJ 

■"•**      (\l 

cc 

.-X 

Hi        C 

»- 

—•»» 

►1/         J 

tr 

<\J 

o  <r     c 

CC 

►  X 

*_J     x 

***^ 

5  <V" 

rvoo     w 

CO 

•.< 

o     ••or 

<\)_J 

_i  ii  —**- 

i«; 

Ot/1 

o  r    w 

_J — 

X        +CC 

o 

*v 

C— 

—Kl      X 

¥ 

XI  . 

.♦fY— CLC/" 

A 

•  r 

"irtMh           ••  r 

*• 

•»     a:<t 

COLU  II    II  C 

*» 

»— i 

—  •<■>-- -j +  cr_'         ■?■*> 

*^ 

r\i— »coi/i 

D>-Q  f^UU-f 

C 

»~ 

L-OCLi      1W1 

a 

u_ 

z 

-J      X  II 

3T 

•— 

t — > 

IX 

eve 

II    II 

or 

h- 

X        a 

O 

u 

t— 

«£ 

^-5    II  2  Q  *0O 

►-- 

Z 

t_> 

I~      UJ 

LU 

u 

Oius: 

CJ 

II 

<:juu 

h 

(V 

•  •  U    i— <  1-     *—• 

^ 

»- 

r\  » 

UI 

c 

<I 

C 

3 

z 

_i  II 

II 

V 

c 

O 

K 

J  a  c 

<T 

u> 

•  • 

^ 

IT' 

O 

h- 

O 

c 

uu 

rsl 

i — 

I/O 

a; 

X 

»- 

^ 

UJ 

or 

<i 

o 

94 


A  •• 

■■i    r  '. 

>   — - 

•  • 

-~  + 

— c 

a> 

22 

—    •• 

CM 

»   »- 

—  CM 

»~  •► 

HrH 

t-iO 

— )«■» 

►o 

1  -J 

O-l 

•"-•-J 

a  o 

» 

QD 

►i 

DZ 

-J  I 

r-4w 

•  ♦  •• 

H-    ► 

C~ 

•  » 

•■est 

»-.-»» 

C"-* 

Xac 

c 

r:h- 

r<X 

oa 

^f- 

o 

Oi/; 

•-GO 

_i 

a «/  •• 

_jX 

2T< 

zr 

i-  cr  rv' 

P" 

C3 

►  _i 

U.  X 

iflDO 

i  .1 

lo, 

r-t(S, 

x— 

CL  C)_| 

I  •• 

■ « • 

» p-.. 

C      .»Ka: 

~ *— C 

•  • 

\~  r  irr 

Of — 

_J  li  ' 

♦    1- 

on — X 

,-j 

h 

y-r  i 

o  r 

Ol/; 

II  CM 

X  + 

~ 

c>a 

X       1 

CC 

<\JCj  II 

+ 

u 

c 

a_j 

«»»f«j 

II  Z" 

C-J 

<rr 

rr  •  •■a:-— 2     i/} 

JG-  ••••' 

5 

_i 

O 

•  •WlH|- 

2         i 

i.CIh  (Mr, 

oo  lit- O 

OOUj  II 

II  OX      — 

II 

L^Zll   II    Itrj      IX       2       H  H-  +  + 
II  COLD  3mIhnu  „      2T  5- 


_j_i  n  ii 

c*o       c 

X  X  2NG 


rvo»-  •»u_ 

i iz  ii  n  c_  in 

roc       2  _j 

OlUiC'H'ilj 


••  •»  t— » 
oo  — 
*r;z  .-»- 

I!  ILUKX2: 
L 

•  •  II  > 

--.    e 

vj-  3t  1 1 ' 
*-or  v- 

CCO 
LULLO 
l~  XK 

2  <  c 


c 
or 


o 
II 


*     z 


2 

LJ 

►— • 

< 

2 
Ct 

O 

u 
2: 


u 
u 
a 

oO 
UJ 

r. 
tx 


•■                               •— < 

2 

— .                                    <m- 

S 

-*                                    V 

r 

— '           •••               »»ct 

_J 

2            —                  5tt~ 

•»o 

5             —i                 ^"2 

-~C1 

~     ••  »          <uu 

-5    •■ 

«j    nt->          _j  ► 

O 

O             »      »•  »»ttl  *■* 

A-l 

U          1   O        >•_!       •— 

rc 

— '        _J     J-*-1  II  *"■ 

V. 

X 

—.o    hz    r? 

* 

ir  — 

—    ox     k    -~cy 

5.  a. 

c  ••-J*-    2  ii  «-ih- 

XK 

orrQCOL      111      ^   •- 

•  9> 

-Joo 

<T_II|-             —Or  — » 

_J 

oa: 

OU^—CO  ••CJt— 1_'»-» 

►— < 

IJU 

c'X: 

~-XXa  r~>t~  —  H~ 

2- 

_J 

»^crj 

5^H~ZD           *.<</■>•< 

CD 

t-  oet/>  ii  huujo  ii 

< 

UJ  II 

t—<T^                     11    CJ«^«£ 

h- 

_J 

CD  UJ  11  2"  II  ia_J11  U 

■cr  .» 

»— irvj 

in     -j    s; 

Li   O 

cr 

X 

_J      CDh 

V 

i' 

3 

1 1  II  _i_j 

1!      II 

i—i 

:j-<l      CJCJtJ 

U 

c* 

t_! 

cuiiuo 

Wi. 

Z3 

c:^ 

•  • 

O 

M 

X) 

ITi 

O- 

•B> 

1- 

h- 

00 

2 

uu 

a 

2 

J 

C 

U' 

h- 

00 

U 
0" 

95 


h-«—       II, 


i. 


■2.     -H  - 

..  «  «  «.«.   H  ..         _j         in 

—  -  lu  z      it  a.        c        co        <■» 

v  ►>  u  i        5  ii  q  r-         n         oc 

2"  —  C  ••  X       CLUJ      5  —  U! 

<f                             r-4                  CD                  <■—                                                                      •»  I—       5I-QIUZ             Z             H-  •• 

_•                         +                <l               — f                                                          <4                     Ui*-S.KOJ           —           Z  C 

er                   z                           ♦                                              rn  -      h-ctiii     x        or         tu  e 

5  Z  C  K  —  l-l \-  C 

ll       .»              X      •»     •— i                »                                         <"          X  •»  -       —  oo                       J—  ••     O  Z 

— •              _i      *-»                       Z                                          r°          O  —                   CC— -  -            <LQ       K  UL 

rv ■      r- <               COO                5  .»                                       I-                — •  II       -  X      LUU            OX      C  X 

~        ►              i_>      _j      Z               X-<                                     3          Of              Don.  C7»      CUJ      O  l- 

Z                 ••     O      «-"                -J                                            C           l-Z  Q   «»Z — I--  -  Q.      -Ji- 
ll     5                O      I     00               C  +                                                   CI  Sa<i — <i           5.            II       Z  • 
_j»»X             _J     —     i/>             o                  •»                 O      "Or  U'5  -  a"-   il  H  uj     ur-^»»UJ  - 
►-'r-'_J                O                »—  •♦             •O                *~<                     h-       "-•      _J  h-UJ      Ui                K             Z»-"X  • 
X      CJ              X      l-h  ST"-          D                                    ..o          ZO         h  11  ^  II  a  a          o~     K 
:?<fO                 —  t »(/!•—       <            _J+                   +                  — 'C        +  UJCJ  —       LU       5  5    |l        ACl    I 

►             arO»~oa"    *         C                                    -}              X   ••         — ClIUQUjU/          ZC      O  II 

DZC  ..i-OjU'U'o  xz  Z  Z.»ZI-C^  .  Qr5"trv5-|_j_— ...«-|_Z  II 

O!  J  OtO  ►-«-«  «~5  .♦>"  /Mi'r^S"       _l  — >UiU!      in  5-.-1      <      Z  •»      — * 

3C  uaizaa^"         ax  CO  rl — X~5C  -xt-lil *-     u.o  11      C      r-< 

z_jx  xu>-<>-5Z        h--i        o«j  1 _j     1        u.i  or  1  _ic?    az      ► 

LLC —  Zl/>  I**.*- 5"  00C.  .►  O       .»      Z      Q-OA-'  II  LU — Ct — --C      ►~"_jZ»—Uj      .-) 

it-'O.         u*-h~i/joo_0  •»     ajo4     i:c;     si      5.-5U     a:         00     Ua     i-GI-i.1  * 

1-     i-        xx  tu_ja  .»x     r<^     ld     .»r~     x<u      z»—  a     -  s*r-  _mi<i     2  .»a 

II  oi  h  UJOI—  iK-GOCOoO  II »-       X  II  ^'K       _J-  H  II  2  00  5"  II  CoLUZ-  -  CJ  II  C  5 

*r      cr  c.      133-  Ol— Z  3     I-  3      0  xcD  cu     CUJ»-  O     O  711: 

^zr     •♦-  z  11  o-cv.—— 10  u -11  zc        z  lie    uviizjd  kk«  w-  h  h  jzc  ijuk 

<T5tO      -J-  •-'                                        5"            -5                 «-           5  COO           U.:  •«• 

_j—     ...(-i.      o                      arctt<nao«     Marc     •»u.^r  11  z  11  a  a  a 

0C_J  II  CZ-    II                                     5"_J»~0»  _J5"»-OLiJ      5  _J       |l  D1-.LLI      "JU      5"5  K 

c      z            ll                      uiooz     cuiozjuiiuu      z     a:aiaaa>  00 

ittjMU'ii  11  o»-<                      K-ctrtuvc1*- triiji— »-ii-cj»-'^ju  ..i/>>  »-a  »— 1—  ai 

x  >4     u     a.  x 

MQ-rvj                                                      *j;X  n      h      h  00 

U                   11   L                                                                   IX                       C  X       U        IL  U 


96 


i                       o        a  <*• 

—  II  Uj  ••  — 
q  H-  •»«"■•  </> 
£                                — •           Z  -  ^                                              — 

u_         •■          z        ui  — ■  i                               — 

—  «  >  c  — +  uji-i 
X            —                 CX            \-  «           — Z                                           I   I 

h-          !-•              J—          C  •"*          *— 5                             ••     •*"  Z  •• 

C5          «*               Z  ..      CT  -            N"                             C             »— 

2         (/i..        li_»-  z          I  _j                       c:     x«-»f-< 

U.           IDC?                        Z  •            OO                                      </>   ►  + 

_i        *-o        u:  ii  .»u  ►         +c                        z     <cu 

•■          —                        t-   X  —          Z   »                            :'J      _)_J   ► 

..rv        cr^t.    o— ■    i-    —  z        5"0                     x    i/)e?o 

x  ►       —  u~    azii^  ?-        r_j                    kx_j           — > 

u,u          a.X          Z~      O      -*  ~          _JC                               ••     II —C            'C 

<r.,     h-»-  ii  •»-~>-z  ii     c*"  _j        cj.                               a  x 

_1U           v-          r-*     «•      Z  »»UJ  o*»      O—      .»                  Z      —I——               II 

„.f_.           <;-»—»      u.K  II       CJJ-    '  '       Ult<        »c        M                     •■       «-4tOCr                   T 

7  I  _jZ     u,zz  ►»-     r-n-                              +aiv- 

— d            Or  a-'      ►—  l"  Z»«UJU  :        o~         »to       "f                      |l       LC</                 7" 

cr  k         i-y>-?X  _JC     OB'                                  ..loa:           .»«~ 

uj(/;      ..tru'or      ■?                 o  •  »  C         .JX     c                 •—     o     x         •-' 

:*a.      q  c:i-  h  ii                     h-O  »IO    ■  o<^                         "■<     -J  li  <s.  •»         U- 

,,;r^.      x— z    rr              p?  «-..—»-.    x—     +             -  -  -c    — c     +_) 

U^io     CooXtLZO                 tru                  v.  ->ac     <*- —                        Z      IO — o.»     *-• 

>'u          k      K                                                    &  i-C.»ixa      z                   ►•»■«-»  u„ »      r<ci 

»-•  .    II            HO./-.                                  ,»..  A</>      U-l— UJ..2                     Di-tffv7'iJ          3T 

n       .-<    z                              c  rcczoi/.scur         - •*— i    i —  i-- «-  oo  ii  ii 

+     — .       O.UJ                                 z  •»    xu>-ccuhi'_i           — .r>  +  w. ir — _j        c 

ex's,     ii3:_j                              .    u:  —  z:coiiA>r5ii-'^:o           c^x    ttcT — msuc 

jy;-        ui                                                     <w  o>  «--i—  I—  wwuic  •»            w?~ 

v  *■  >»m^-                                         .....        .  _j  <•     _ox     X         u      c\j          II  or      <a 

IILUU'O                                                           0-*           OC  OC      0_IU<©C  |l   ||  i/)  l|                   ri-  H 

U   U  ZL'U                                                      Zlfi            <l  Ui    ,ICC      ►-                       +        ..      lO       u 

i  «/  ^U'O*--                                     u  — »        ^->  x  «»^u>^r  ii  a  or.  cr.  ii  *r       '*5icaco»H 

Or              CX  U-r~*X«--»—             UJii--       i  T>             ^-^) 

U-                                                               LLI           <l  U'      \~            O-J^i^C^       .»  II        t^» 

ir                                               ^          >  to  M  Oiu  ii      ju:uu_i  li  o     U' 

-j                                          z-  .  j"1*    ir-J    il«tu :u  c.c     zzju. 

UU                                                                 li'            Z  HZU-MCi->(JI/'t'TL"'lt        ►-"— 

LU  S— IX                                                 "X 

It  CD      I                                           m36 

Ct  UJII                                                         K 

t_j  Dti      O                                             DC 

tO  IO~JO                                             L'O 

u; 

l-U 

X 
H- 
Z 
UI 
r< 
-a 
a 


97 


r 

X 

*-           » 

w 

— »          W 

—     a 

♦          • 

—     t/> 

II      II 

t-t      CD 

*»         • » 

1       3 

■• 

»■»»-<  *»r- 

2"      CA 

f 

r-«       f« 

»  •» 

m 

►1      ►♦ 

rH»  ii 

<l 

u    o 

»l    1 

• 

•5    *> 

C-  1  - 

» 

o    a 

_JZZ 

— » 

_j  it  -j  n 

O  1  - 

Z 

c    o 

IU- 

s 

Uli 

v       •— 

3 

w      — » 

•  * 

a«-<(* 

-J 

a:^or2*»-« 

|_*U' 

o.. 

•» 

t-U'l-U 

tAZ^ 

o«* 

f\i 

</-Lt/>X  4 

a~  »uj 

»H 

or  f-  ODh- 

~aiu 

or> 

4 

!T~      ^ 

u 

cr_nr 

-JO 

</»       1/1 

..    r 

a 

O 

II  O  II 

»zc 

U        LL 

; 

2T      «-      — 

— .— K 

♦ 

»-t          »— i 

OUUQLQ  ct  c^ 

-*0CO 

Li-»-L_ 

»-o.» 

z 

¥  I/)* 

•  • 

A</>     UJ 

..* 

a:  a  lu 

c 

roDZOLUD 

ujrMi' 

7 

ru'*-» 

O-J 

OOIACO 

u 

O 

•• 
ec 

ZooXl/^O 

JiuoOa  " 

2  1 

UI 

UO     «-• 

UJ       4 

Ui 

¥ 

••o^:  li  ocjz 

Z 

U-i 

-<•»►-• 

Z  -5 

Off 
o— • 

or 
_io 

o 
►xc 


rsl 

4 
U 

4 


••UJ 


U-JJD 


->0tO 

»-o«*    z 

Al/5      UJ.»X 

rtzC'Lur 

•  •     3UJi-«0_l 

it  r>K    ii-    f\j 

JUIOOU    II 
ZOO      •-'UJ      4 
>  cj^l  11  or  ^j*i 

^<~t—  X  -5 

•♦-J         U-J-O 


—  r       o 

a  -        ►- 

uj  jjrr» 

*  o       ro 

uj  o  ii  ii     a 

UJ  •»  »        o 

tA  -fifXII-Z 

—  -ML,  OUJ 

—  ^iZCl» 

•  ..AtL't'U.        ►-•-« 

w         -.  ru.xxz 

QC       OOKI-Ullf 
U'Z  —  XtA       •• 

II  *  y  a  -  •  K<Zr\i 

tun-*-—     -J 

a  u  _ji/-!-  •  oca  ii  ii 

ii  i/)Oco 

*  i.*uD  ii  ii  ii  ii  z-j 

U  -Hl—CO 

•  «U-I  K-  NMIM 

II  CHI  H 

2-1       Li    UlLU. 


II  OtA  II  UJ  H        -I  -J  —I  M  C  CHI  '  II        JJJHOlO 

i:         _j     il«to     zuj     u«i«o     *r 

kTU-i  II  ZhOhUUU^UJ      hU»-iUUU"5U'  ••  •»  ••ZU.ImNJmi-imm 

XX  "X  CDOOX-JX 

Q23  **  3*  »-(  3      J* 

— I_J  K  K    II    II   -J  II 

OOU  30  O  CJ      U 

luc  uo  L.a.^o"">o 


98 


II  II 

»-.  •»  •» 

C           ir  X                                     *,  <: 

u  •           «^  X                                          ••  *■ 

_j           .2  *                                        —  — 

<r        q  o                            </•-  </) 

11            H  O                                         Z  Z 

O                                       T  T 

i'J           Lb  O                                         I?  3 

<yi         i/)  O                                  _j  j 

lu        lu  ro                             c;  o 

.»  +                          z  z. 

_        _j  2  .*2 

II  -5                                  •♦       Zj  —1) 

—  \r  — •        C  OC 

?•        —  o                     o    o  <ru 

—  2-  O                              _J      —  — — 

00           -^  O                               IT  *3 

_j       r  ci—  *■-» 

<1            or"  T                           ••—      •-'       .»  «— C       •» 

u         »-      ..  «— —     n     rr  r-ior     n- 

..            .,           _<  ,*                          4.  ,»                     ro^'      _J      <r  *■» ■<!       tr 

LUZ       LL  X  —»#..».»            ;*.                        ».t_l      c  xo 

2*u      zu      +                            m *-o               r  _j     x      i  ?w      i 

mT      •— x  r~i      f\j<vru.«^Q      •»           »-C      *■»  X 

_i(~      — -h       J2  **.'•»  ►— *  _j      _j          (\JJ_      t —      u_  >v          _Jh       U- 

XC        XO       X        •«                   "v  tx          ►►►    ••©        .»+!               _J —       C          II  OC         II 

i!!         uj         _i     *t             -w  <r  .»<y. chz-ooo  l  oc         0»      '"         «r  ..«^it:         •« 

7V«»^V      O      Ot»  U-.U;u.'UU'h      OO           X    •  •»           LL  — >  —               U_-~ 

r-J                 '->      H-~»  «~r-i2  3^  5  :F       '"CO            "-*••   U-—            CM  O       »-4*»—            CO 

— ;_J     _i_j».          0<  QC«-i»—  t-it-it-t  +Or-**~>         of!-— (*oo  •»2'^,  or      r-iC  c^  .»X—( 

_i      |i  -J     c  ii      O—  •»»—  ^-'i —  t— • —  ►—      <                 »— — <TLU(/»u;-'  <r     '— or  uj(/">uj— 

<ju     <iu.i-             k         o  U'cn»- —'-'«— w^jor-v  i          (/-aorzajii-  u     h<2U-'Ih 

u>-jumu,z     _j<£         of  a  aj^rtr  a  a  cc  _jc.-'             •*a  s.  i_'»—  «£  t-^-  <tuh^^y 

£       —ILL           <i  ^DUhhl-l-      h-  if  ^  •  »SCX'li>-_ i»-«      U  — i      U-«—_Jt-<      Li 

X"<"2.           {J  K  C/)>"<riLO0O(y"i  II  «/>OU  — I5£tr>»-  w-~—iO  2  C      2 IO  5 

jcoO  ccrertrcr         l-o-j                c      ire  or     c*i~  a     irst* 

C^      UJ           -J  II   H  UXXX'XU    II  — l_J       II   II    II    II  i-i  +       It;  K       IM»->-i-f      u 

on   ••V'          r_j  is ts)ir mints     Uu  II                   •*.      t  v  ~Z     tnc^      A  <^ 

O                Of  Iftr*                          lif:                 fM(\l— ti^COLL  C'           It  «/)U 

HC           I-  U.DCII    II    II    II  Of.  L_H    IICCCDU           UC  O      C                LLC, 

K   H-             iT  a  _JV-                        OCJ            2_J_J_J(_'h-    M        » —  KhKH        I- 

xc        cj  t—orDi-5ic_)»~_-_;itLLUcr_)_iX     llcj  c     OluX     llcj 

UJ  ••             ••  O       ••  •• 

at  —         —  <r     »—- . 

H  —           —                                                                                      X 

H  Of. 

l^  X              IL 

00  Li:           h- 

LL1  »-            ^: 

O  CP            UJ 

n  uu 
a 


►-a 

u. 

Zii. 

00 

LUK 

U! 

2-*i 

O 

eu.; 

r1 

uu 

or 

1/5 

Ci. 

99 


L.. 


C 

or 
i- 

t. 
C 


cj 


IX. 

I 

fy 
1/ 

t.  : 

i  - 
u 

t 


2 


t 

"         C_ 


*~  * 
I 


CJ 


Ci 


I' 

c 
a. 

C'  —  O 
01  —  J- 

h-  — 2" 

o  »   z 

Z  l      C 

CT  li 
II  II 

»~    u 

C  i     u 

c.  (..,— 


*    i 

rr   ..-^ 

L1  '-r-t 
COCJf- 
2  — J«- 

"TIL 

i/»  C"  i '  «y, 
cra>i  t 
;?»  — -*r 

t     ~    _J  H-* 

Z'  «—  — I 
ii      a 

ii  .—  + 
o      v 

Of  c 

2  _J»-     II 

Z>C  X 


I 

LL 


U.        m* 

Z  «~< 
IJU  »— 
X  ••(- 

0  II  2 
ir      o 

a  u 
A  I     '/ 

h- 
U  2TC 
XK 

1  I    II 
«-> l_>  IT 


(— 


C 


or. 
<J 
CJ 


C 
a 

2! 
t_J 

t_) 

oc 

c 
ir: 

UJ 

(• 
f 

o 

f 

a 

a. 


cj 
< 
a 


c 

rv 


c 


a: 

C-J 


f\l 

O— < 
2"  — 

-  ^ 

2: 

f-  cr 
mii: 
Don 

U' 

c 

Z(_.. 


i 
2 


in 
'r, 


cr 
o 


t 

cr 

h- 

*r 
I  ! 
CJ 

cc 

o 
or 
u 

c> 
1/1 

I 

c. 

t 

a 

a 


a 


<J 

_l 
cr., 

ii 


2 


r-  (?h 

•-  <_> 

n  ►  + 

a.  o 

<a  a.  -c 

CJ      <5 

"—     OX3 
Cr       ^-_J 

»-     at  a 
o  ••»--cj 

CTC  V 

—     cc  ii 

I/;  :  +  x 
~     mz 

XCC— 2 


z 
<; 
_i 
cr 

ii 
r 


^:  ► 

2"Z 

X2 
-J  3 
O-J 
CjC 
•.CJ 
c  ► 

Q  CJ  t»i_ 
<i  or  >•  2 

c.< — z 

t—  cr  2  U 
1/  h-  l> 
CCl^h-    II 

zrcr 
.-ir-r-  ii  ^. 

_iwCA         2 


»- 

z^ 
c? 

c 

c 

U.' 

X 

I" 


L 


+  ~ 


>l- 


^-    II 

u 

D 
Cj2 
»--  LJ 

~  «'»-i  Cvi:  •'      H-  •• 

C".  II  U  JOZI'    II  >  JC  -        c 
^       _JC,i'       _l       ILCt        U    ^ 
hZmUU    II  nNh   Ol      II  >— t1    •* 
2  X  X  C 

II  Z  3^  ^  3  ^ 

_i  as.  ii 

l!OG  U  CJ  ( 

cjc        i-o  c        c 


c 


li- 

i. 


•r 


rsj 

> 

1                           fc— 4 

1                           * 

r^     -^5="  — 

CX   .»^-U   it 

o-+   •■  •• 

a  i—i—S  5 

1- 

Ocforti  ii 

z:u  »jj i — i 

C  Q  a.  a: 

•^ 

L'K  or  «T*-i 

* 

f~  UO(-  h 

r-      11     H     II      H 

rr 

ii  2  irT.JV 

rr 

_<^: 

h> 

►— 

U 

LU 

C 

^ 

c 

ur 

■ 

c 

cr 

c 

u 
t/1 


100 


*J 


cr 

a 

c 

o 

o 

u 

«F~ 

CVj 

c 

If 

1 1  ■ 

•w- 

o 

O 

•  * 

z 

' 

• 

c  •• 

QZ 

s 

•'  II 

•  ♦  II 

v 

cx 

-J 

— « 

— «• 

•  ♦ 

* 

ZD 

c 

*m 

it*J 

tr> 

UJH 

CJ 

ic£- 

X.L- 

LL, 

xu 

"-' 

i  _j 

1   _J 

o 

%• 

h-Qt 

-)( 

-)C 

<r 

•"• 

— • 

-51 

-5X 

a 

•"• 

«—l_i 

• 

•» 

+■ 

•  • 

•  » 

X 

O 

<J  V) 

LV 

X? 

i<rZ  " 

— » 

—O 

l_> 

cr 

*-_J 

oc 

*LH 

yu-r 

f\J 

■»». 

i/»l- 

■z 

— 

JU' 

<r 

►  X 

►  XCJ 

r-t 

* 

U: 

<l 

*7 

C-' 

CJ 

—h- 

«— 1~ 

^ 

CiJi-* 

a. 

*i 

o    .» 

_J      •• 

_J    2 

K 

«-i 

a. 

-^ 

•v 

H  c 

_J 

-JO— 

-JOU 

•  #■ 

7 

Q-   II 

^  j 

w 

zo 

rr 

—     <\l 

«■"      X 

5- 

U  ! 

T' 

^ 

CJ 

■ — 

t-'r* 

a 

O  II  >- 

O  II  h- 

•  9 

i 

r  j 

(/)»-! 

z 

2 

OK 

h- 

**Cf      K 

..ft 

ir" 

II 

C2 

*— .' 

U 

•rt 

ST 

u 

Z 

~.C  ~»-« 

— c.-~<i 

CJ 

K 

zc 

3 

o 

n  t^ 

o 

H3^»- 

•  ••— i3E  -si  Cj 

II 

««• 

t/> 

«4 

*-*cj 

C_' 

_ 

a 

s_ 

•f-'ClZ 

-.♦—O-J 

.-f 

2 

_j 

tx 

C 

•a 

—o 

it  a  — <u 

*:ica:_<C 

+ 

a 

a: 

..  *z 

<1 

o 

o 

t-  i- 

o 

•+-  r~   •■ 

••  *WQX 

►— 

•— 

i- 

C 

r-iCAU 

c 

•w 

►r 

»M 

Jt-IZZZ^I 

•  »  **•• 

** 

o 

u. 

ZX 

•» 

-j 

rjcr 

.._J 

»—  a:  —  *- 

>— «-0D«-»/\, 

r-40.cc 

o 

««r 

II  >  K 

_J 

— 

—. 

C 

•» 

— .<T 

uxxcu 

liiU-31 

U/ 

LL  •» 

»--« 

3      •• 

•* 

c 

o 

< 

on 

c  z 

e> 

_io^k  -J-J-Jt/^h-c'' 

II  OOO 

z 

cr -JOt' 

—. 

(V 

DC 

»^ 

\- 

orLu 

orz 

a      orccDCC.     cc 

eta.  *z 

iXi 

cr 

LUO      CT 

<i 

1- 

«1 

\- 

ir 

ii 

<r»— 

*"  ii  ^r  <i  «o  «j  11  <£  _jcjc  ! 

CJU 

X 

<c 

«*rc:  n  <i 

•  »         *»^ 

2T 

e) 

>»*£ 

i_' 

CJU- 

C_'- 

h         Uh 

h-t-      u.c. 

1-  •' 

»— « 

•  » 

»-h—  r  q  c      or 

C 

-~ 

<■  LL- 

c: 

#»^^ 

— >■»» 

r.-J 

sh-JX 

•  »        »-< 

H 

r-» 

_l 

•  *U' 

<_" 

C  2 

.~ior  ,-< 

ii  r      ii 

ii  n  cr 

rch 

»~ 

•■<Jln\~ 

II  Ch 

»- 

h  cr 

o 

rthH 

<j»- 

—ILL 

-Jli  u 

-C      3 

<3 

It  (/•!»-  U. 

^-g 

j5 

i— < 

U"J 

<y^ 

l-  •— 

~LJt—  _J  it  ~3  CJ »— •►-• 

UU  II  u 

> 

ir<C  o 

U-U-'Uj 

ij 

c 

Coo 

c 

LO     II 

<iC 

~JX       -I2t'-5X 

or 

t/^S"  0< 

* 

IL 

~ 

•  » 

»-X 

c<u 

c~c_ 

CJ 

It ! 

x     a 

Lj 

_JC_ 

it 

b.' 

«/xr  •» 

1- 

u 

CP 

-J»~ 

h 

<t 

\- 

-J»- 

c 

or 

^J              CO   CL 

u.  (_ 

<!  t_  UVU. 

l_ 

1!  ) 

«.a 

(-J 

zz 

U  11  ^ 

*-,>— 

mC 

»~ 

Q-OC»- 

cr 

H 

cue 

_J 

C- 

II  »_i»-.U, 

iSC  X 

Ll 

•  § 

U 

•  • 

u. 

t/  c 

CD 

0* 

cr 

«w 

o 

CJ<A 

1-' 

(M 

h 

c 

hK 

O 

•H 

c 

r-l 

cx.U 

Z)X 

K 

h- 

H 

K 

u 

a 

a 

o 

a  a. 

U. 

z 

lU 

z 

_^ 

•  • 

2 

LU 

Z 

Ut 

c 

< 

»— 1 

at 

t~~ 

St 

LU 

L_ 

h- 

o 

\~ 

e 

l_> 

1- 

3 

u 

"Z5 

i-i 

CTi 

CJ 

Li 

l/~; 

U 

i' 

Ct 

c 

u 

Of 

Cl- 

101 


* 

t* 

z 

-<  + 

-3 

«v 

1 

-J 

* 

zz 

cc           •» 

—          X 

§• 

II  II 

—        to 

»•  »»-^* 

O           <l 

z 

Q-  r-l 

zz 

— 1         —i 

G 

o—  + 

O          to 

•— » 

•   t_> 

zz 

X          — 

to 

z— ♦ 

ULIUJ 

II        — 

to 

uj— z: 

XI 

•  • 

o      •»— 

UJ 

x— 3r 

»->- 

m 

••-J     o— • 

u. 

1-cO 

*• 

•* 

— c     c  1 

Q. 

♦  _) 

-   - 

V 

•» » 

Q.X           «-» 

X 

IZC 

-~w 

_ 

s< 

I      .»za 

UJ 

to  5:0 

i»    • 

MM 

z 

-"5Z~  Uj_J 

<x  ► 

— 

<J 

•Ui-»IO 

u. 

J-JO 

II  II 

f— « 

♦*    _l 

ZIOhl 

o 

tOC-J 

1 

— •     a: 

JhCO       w 

00 

«-»« 

2 

5 

T-      ^-toX 

UJ 

11  »x 

Hr-I 

» 

3T        II 

_Jl<I*h- 

US 

■-••-' 

»    » 

pm| 

V 

•b 

Oco  •■p-cr 

t— » 

—  »or 

TT 

•k 

* 

_)     — 

a    h 

CO 

— «C_)|- 

►_. tin 

C3 

o      •• 

OtO«— CC_I 

K 

UDB' 

r-<  t»_J_J 

a 

o    -> 

a!    Z      » 

X 

♦  1^ 

—CO 

X 

>-<        » 

<l  II  2t   II  i~«  .. 

O 

Z~tO 

+  011 

>— » 

O 

**»o 

o  r~  r  *«~ 

•— « 

arar— 

w  »« 

oc 

-J 

o^a. 

—     _J     oc 

a 

31 

t_j  11  a.  0  — . 

h- 

c. 

a     <t 

ct-»C.~_J_j 

-lo^oc 

r»~»- 

u> 

I 

•« 

«t  I  o 

KhU^CC 

Z 

aauu 

•     toto-f 

CO 

_J 

o      «~ 

oo  »-w  »XX 

O 

or>y 

zee  cc 

- ^ 

c. 

i— i 

— -JQC 

CC~D       ,_»ww  »• 

••t^LU 

Z-3D1 

u> 

H 

z 

oroh- 

r  »~»  •OCX-* 

CO 

0    a< 

ar    toto 

•  » 

z 

t-Ut/>»* 

WOQDh-l- 

z 

_J  II  IA 

•  » 

r>uj        11  c  11 

»— < 

it 

lOOCDfi 

— accett^O  ii 

u 

c:      11 

U' 

-J-JU  U 

z 

C0»-O 

—  -CKKICOZ        .» 

or 

Xctct 

C..  ••t_;t— «»-«^-S. 

•UQ. 

«j 

-j 

•*X;     tO  I 

oocxjoluzz 

•  r 

•► 

< 

..»— UJU- 

t-»tJX 

LU 

»- 

•►<: 

,-uo  II  — 

Jwwwl^JJ  Qf 

vT 

l-H 

a. 

LI '-Or  ^  V  •►LU 

» 

^ 

<i 

UJ»-t 

■"«5 

aa     or  ii      ro»< 

» 

(\l 

(XI— UJUJOtO  II 

II 

UJ 

c: 

act 

II    II  "Jli         • 

•Ihhl-C  II  -Jh-O  II 

I- 

i- 

3tOU(lUiT_J 

0 

UJ 

r>uu 

-j  H  c     </)•— uu    cujz 

x> 

ec 

QCOtOtOUJUJZXQ 

to 

X 

Oi/1  < 

•  •Z  _!•••—      2  II  COGCCC'-JtJOrLI 

1Z 

••a 

u 

UJ3 

CJ 

If    »Oi  <ThI"51! 

J      IDLLOX 

>-i 

s\ 

to 

OtO 

<T 

uc 

3i»(m3 

Oto     c/> 

^ 

a 

z 

c: 

a 

t_J_t  II  -JOCK 

-J     >- 

— 1  II  K-  •► 

»— 1 

Of  U- 

•  ► 

cr<_ 

OitSC 

OU-LLU. 

C 

ao 

Q.,— 

a. 

C 

Q-iau^t 

X~C»-i 

j_ac-J 

c 

CJ»» 

»- 

u 

H- 

•  • 

»-<: 

•  • 

X 

UJ 

i/?CJ 

Ui 

Ci 

K 

U' 

O 

t- 

a 

_J 

O 

or: 

»— • 

G 

|™| 

o 

< 

*■- 

to 

e 

UJ 

X 

at 

a 

Q 
u 

X 

D 

c  :• 

O 

c, 

O 

O 

z 

o 

<r 

z 

o 

fr-H 

L 

a. 
a 

a 

IL 

o 

CC 

102 


^ 

<--  rj 

*  *■ 

* 

— O 
^"~  + 

-if  z 
X   1  5" 

ii  ii 

22 

U.  Ii' 
XX 

•  • 

II 

•» 

2 

♦  •j 

h  »- 

-  T 

<i 

*- 

C 

IZO 

*m*      •■ 

2 

»-• 

i/iru 

M      - 

-  c 

UJ 

y 

•    co 

o  •> 

—»»^ 

— _J 

C/i 

3 

•  • 

t/i 

_J_JC 

•  » 

— c 

J 

_J 

— * 

a 

oo  c :.-j 

II  II 

—  X 

LU 

C 

^r 

a 

II  uo 

**> 

2.  «- 

o 

V 

•> 

a 

—  »x 

^-    r--< 

►ct 

•  • 

«»» 

* 

o 

X 

f-<»-<-^ 

•■      •■ 

•^H 

or 

_, 

IX- 

•■    ••&. 

5  5 

►C' 

C: 

-*• 

c 

rgoh- 

•*      •■ 

C_ff 

-J 

««• 

X 

u 

1   _JCO 

•  • 

CO 

—JX 

f~l 

o 

■— - 

C1 

UC'iJ 

on 

_J_J 

C  co 

l_' 

»-'■ 

cr 

a 

fir 

c  c 

X  — 

II 

•— 

2 

h 

tt< 

Z  —  o-- 

1 

i»II 

—-— 

2* 

u 

C? 

(T 

D 

TCf — 

—»«-«-'  t» 

Or'  o 

2* 

V-' 

a 

»— 1 

Xf—- — 

u 

cor  cr  »-j 

K-u; 

■z 

>— i 

CO 

~ 

t/) 

_jcoa. 

II  H-H- 

C-St. 

UJ 

_ 

CO 

to 

a 

Ocnu 

►COb- 

2 

r«^(/  i 

a  u 

X 

H 

c 

11 
or 

a. 

ii  j 

c     u. 

5 

CO  CO 

•  9 

•  • 

Xr-> 

•^ 

#* 

X 

u 

_ 

_l  11  </ 

•  * 

*~ 

u.         '    II 

C.  II    II 

o  .. 

</• 

r~ * 

lu 

* 

C       II 

c 

Zj-julll 

2f 

LHJJ 

<T  + 

hr 

u 

z 

IQfllC 

c 

•»u 

(-<>->-? 

lisa  Or 

MC 

U  •■ 

_J 

►— 

+ 

*r 

U' 

c 

—  U-U.' 

HC 

X 

Li'Ui 

ll.'»— 

Z 

CO— » 

D 

<i 

<.o 

C£  V  *    »»li- 

3: 

V  ¥  "CL  CO 

►— 

3^ 

l!  • 

<im 

U' 

•  < 

•  •* 

CO 

i-uLtur 

CO 

II  II 

UJU-iOcoi— 

_i 

II  «— 

y 

^ 

## 

li 

tXLU 

z 

(/!U4U2J 

o 

u  u  z 

ti- 

U.I 

0m, 

«— 

o 

r-l 

I1 

'C3 

Ui 

o  yi/iu 

•u 

zi 

(J1 

1^1/  u 

ll  U' 

«r) 

~z 

o 

u 

c> 

a. 

ic 

*— • 

a 

~ 

_J 

5  ►-  ..~. 

z 

a 

•f 

UJ 

ii  co 

<t 

vi 

c 

1- 

-JZQ 

»_. 

¥  t»U 

t~ 

a 

•  » 

JO 

Z 

l~Q 

»_l 

—J 

u- 

z 

LUC 

c-x 

f 

u. 

oz 

*-> 

2TtJ(_,v^ 

ex  •»■ 

K 

Li  :           2 

Ii  2 

o 

K 

0 

t— < 

1 1 '. 

cc 

•  ■ 

Hhl"^ 

UK 

<t 

n           X 

1/MJ.i  M 

t—* 

a: 

*■*" 

G. 

it 

■a^ 

•  »K-Z 

~ 

X          -J 

or 

i 

c 

or 

c  £xa.r- 

*y~c 

►— 

_J 

O  •'  •»c 

C 

</■ 

u. 

1 

1! 

XTY    1— I 

32  +0- 

<I 

I  LJ  *  «£  C_" 

!0 

z 

CJ 

1 

> 

Ou    ^  II 

a  i: 

<     a 

> 

<_; 

i 

'Z 

►—« 

C- 

CJ 

11 

'>  cr 

IX  LJ 

U 

L    II    II    H 

XL' 

Qf 

ejL       3 

Ql 

c 

li 

o 

C 

K 

II  c 

c 

o-uox 

h- 

h- 

c» 

U.XJC. 

z 

H 

•  • 

Ll 

—a  o 

U_Lii 

•  • 

Ui 

u 

1 

u. 

UJ 

I. J 

u 

C 

a 

•  < 

c. 

2 

X 

X 

t- 

_- 

►— ■ 

O 

V 

Q 

z 

a 

—i 

u 

r- 

Uj 

» — 

i- 

t- 

O 

a 

O 

a 

c 

X 

C 

u 

tn 

cv 

Cj 

L' 

a 

C» 

c 

a 

Z 

a 

o. 

Q. 

103 


r-» 

II  t»  •» 

..  |  ♦     o 

i/->           r            h-  huo^o  ii 

_J                 »-•                 t— t  »            r-« 

VJ                 H                 H  X  II    II  »-  O 

•  •                                                                                                                 ™ }                 ~ '  •            _!! 

—                                                                         ••              C               C  ctc>OC  2 

♦■-                                                                 .#                      fV)  U. UU 

►                                      c                          re  *-22CX 

J.  ••        •»                              •»                   C                     ..  |i               ..l-                .»h-  IJ 'IIIC'I— >-- 

•o    tp                 c                        r            oo        oc  who 

ore      C.                      C->              2              u>_j          U  C          t->C  t/^l-tSX 

t»<                                                      !••  *-              «y» 

*2      2                        2               I               2  2           2.2           22  ••Of-  •  2<I 

Ci-U.       L.    ••  ••                 U                   |-                    wU             J-U              U./U.  •  »                 — » K    «"> "-■  Ll  _j 

IM      X«J2       .►      I       ••                        Hi.      II..      !!••  O               -5t/>«  •  Xt/i 

V>  #»»•-  I  O.       »0      K   ••>*>      X  •»           |-Kt      hl-'i'      »-H->0  C                    CC           H        •► 

"■-       »-'              _T  ••»"»             ^*f'       iAv-*                          r-*                    —>                    r-»  ADM    II          II  »-♦ 

•  •Ct-         O  II  h   C'h-        •         H        <?                   •   r-J»-        •   CvJK-       «  ,H>~  2  .»               f  (/)             O 

— .»-—  I             li»2~      —'♦D       -!♦•»      2      —       **       !2      U      X*  U«J..                QQ        Q.  +• 

—.«/->-        KwQCIJl'C      -       C       to      2      -    II  C       «    II  C      •    II  C  X      2       III55VS 

cc    o                        o           ca  ••»--  i  a.     — *    nui    u-x 

Alii       U>              0«»H       C  •»  II       X  •*  H -JO  ••  II -JC_  •♦  It -JO  •»  *-*          Zi»»      C  y-t-  e>*~      •► 

r</'       I'                      *■-(-         HKC        II  ►•  C            h  (_•           HC           H-CJ  r  •  II  »-  ClL lift                        H  CI 

O       a.                C_2Ci       Ui-O.       U_2U-UU2dU  U2Q  a  U>2  4-           Li.  2_IU   LL.a  U.UV      2 

I  iiiu^            ou-'Sucu.xoau.'ii-ciiiMOU.i^ouj  ••     h  -jocu.c-ik  »-*•—  mmiu. 

—     u                           ui            v             iu            w            u  c:x               X 

CI-                                 j_               t-               t-               I-               |~  o               3 

u.    i.  II    II 

-juiu                         u.           a            u.           u.           u  u            a 

t~              t-               >— i              .— .              •— i  c  X  •— ■              c 


X 

L 

C 


f- 


(J 


104 


u 
2r 


II  Zx 

•J  li  I 

••     cs, 

■I      4. 


D 


c. 


or 


C. 
UJ 


c 


u 

C 


105 


LIST  OF  REFERENCES 


1.   Heidorn,  George  E.,  A  User's  Manual  for  the  Basic 
Information  Processor  (BIP),  1  June  1966 . 

International  Business  Machines  Corporation  Form 
C28-6571-4,  IBM  System/360  Operating  System  PL/I 
Language  Specifications ,  1 9 65 • 

3.  International  Business  Machines  Corporation  Form 

C28-659^-3,  IBM  System/360  Operating  System  PL/I 
(F)  Programmers  Guide ,  1967 . 

4.  International  Business  Machines  Corporation  Form 

C28-8201-1,  IBM  System/360  PL/I  Reference  Manual, 
1968. 

International  Business  Machines  Corporation,  General- 
ized Information  System  Application  Description, 

6.  Markowitz,  H.  M. ,  Hausner,  B.,  and  Karr,  H.  W. , 

SIMSCRIPT  A  Simulation  Programming  Language,  Prentice- 
Hall,  Inc.  ,  1963. 

7.  McGee,  W.  C,  "Generalized  File  Processing,"  Annual 

Review  in  Automatic  Programming  5a  p.  77-1^9~i  1969  • 

8.  Northwestern  University  Report  AF-AFSOR-68-1598 , 

INFOL  For  the  CDC  6400  Information  Storage  and 
Retrieval  System,  by  B.  Mittman,  et  al . ,  1  November 
1968. 

9.  Olle,  T.  W. ,  The  Role  of  Generalized  Information 

Retrieval  Systems  as  an  Aid  to  Decision  Making, 
paper  presented  at  the  International  Meeting  of  the 
Institute  of  Management  Sciences,  13th,  Philadelphia, 
Pa.,  6-8  September  1966. 

10.   Reitman,  W.  R.,  and  others,  "Autonote:   A  Personal 

Information  Storage  and  Retrieval  System,"  Proceed- 
ings of  2^th  National  Conference  Association  Comput- 
ing Machinery,  ACM  Publication  P-69,  p.  67-75,  1969. 


106 


INITIAL  DISTRIBUTION  LIST 


No.  Copies 

1.  Defense  Documentation  Center  20 
Cameron  Station 

Alexandria,  Virginia  2231^ 

2.  Library,  Code  0212  2 
Naval  Postgraduate  School 

Monterey,  California  939^0 

3.  Chief  of  Naval  Operations  (0P-9D  1 
Department  of  the  Navy 

Washington,  D.  C.  20350 

4.  Asst.  Professor  G.  Heidorn  (Code  55  Hd)  16 
Department  of  Operations  Analysis 

Naval  Postgraduate  School 
Monterey,  California  939^0 

5.  Professor  D.  G.  Williams,  Code  0211  1 
Computing  Center 

Naval  Postgraduate  School 
Monterey,  California  939^0 

6.  LCDR  John  D.  Cooper,  USN  1 
1504  West  17th 

Pine  Bluff,  Arkansas  71601 


107 


UNULAooiFlbL> 


Security  Classification 


DOCUMENT  CONTROL  DATA  -R&D 

Security   classification  ol  title,    body  of  abstract  and  indexing  annotation  must  be  entered  when   the  overall  rvp.,rl  is   classified) 


IN  A  Tl  NG    activity   (  Corporate  author) 


Naval  Postgraduate  School 
Monterey,  California  939^0 


2a.   REPORT    SECURITY     CLASSIFICATION 

Unclassified 


2b.     GROUP 


.1      RtPORT     TITLE 


THE  GENERAL  INFORMATION  PROCESSING  SYSTEM  (GIPSY) 


4  DESCRIPTIVE   NOTES  (Type  of  report  and.  inc/usive  dates) 

Master's  thesis;  December  1969 

5  au  THORiSI  (First  name,   middle  initial,   last  name) 


John  Duffield  Cooper,  Jr.,  Lieutenant  Commander,  United  States  Navy 


RE  POR  T  DATE 


December  1969 


Ba.     CONTRACT    OR    GRANT    NO. 


b.  PROJEC  T  NO 


70.  TOTAL  NO.  OF  PAGES 


108 


7b.    NO.    OF    REFS 


10 


9a.    ORIGINATOR'S    REPORT    NUMBER(S) 


9b.    OTHER   REPORT   NOISI  (Any  other  numbers   that  may  be  assigned 
this  report) 


10      DISTRIBUTION    STATEMENT 

This  document  has  been  approved  for  public  release  and  sale; 
its  distribution  is  unlimited. 


11.    SUPPLEMENTARY    NOTES 


12.    SPONSORING   MILI  TAR  Y    ACTIVITY 


Naval  Postgraduate  School 
Monterey,  California  939^0 


13   ABSTR AC  T 


This  paper  describes  the  General  Information 
System,  a  computer  program  designed  to  serve  a  va 
information  processing  applications.  An  input  de 
program  is  composed  of  a  data  base  and  a  descript 
processing  tasks  to  be  performed  on  that  data.  A 
task  would  be  to  screen  the  data  base  according  t 
criteria  and  then  output  information  from  the  dat 
the  criteria.  For  output,  the  system  has  flexibl 
ting  capabilities. 

Included  in  the  paper,  in  Section  II,  is  an  e 
a  bibliographical  application,  complete  with  a  ii 
the  input  deck  and  the  output  that  was  produced. 
IT!  through  VII  contain  detailed  instructions  on 
prepare  an  input  deck.   A  description  of  system  i 
tation  is  contained  in  Section  VIII. 


Processing 
riety  of 
ck  to  the 
ion  of  the 

typical 
o  given 
a  that  met 
e  format- 

xample  of 
sting  of 

Sections 
how  to 
mplemen- 


DD 


FORM 

1    NOV    65 

S/N    01 01 -807-681 1 


1473 


(PAGE    1) 


109 


UNCLASSIFIED 


Security  Classification 


\    ;iiun 


UNCLASSIFIED 


Security  Classification 


KEY     WO  R  O  S 


INFORMATION  RETRIEVAL 

GENERAL  INFORMATION  PROCESSING 

NON-ARITHMETIC  PROCESSING 


_ 


DD  ,F.T.,1473   back. 


S/N     01  01  -  807- 68? 1 


110 


UNCLASSIFIED 


Security  Classification 


A-  3 ! 409 


llNLbA^olFlEb 


Security  Classification 


DOCUMENT  CONTROL  DATA  -R&D 


>,•<  urity   .(H-s.Mraf.on  of  title-,    body  of  abstract  and  mdexing  Annotation 


must  be  entered  when   the  overall  report  is   classified) 


'originating    activity   /Corporate  author) 

Naval  Postgraduate  School 
Monterey,  California  939^0 


2a.   REPORT    SECURITY    CLASSIFICATION 

Unclassified 


26.     GROUP 


REPORT      TITLE 


THE  GENERAL  INFORMATION  PROCESSING  SYSTEM  (GIPSY) 


%     descriptive   NOTES  (Type  of  report  and.inclusive  dates) 

Master's  thesis;  December  1961 

au  THORISI  (First  name,  middle  initial,   last  name) 


John  Duffield  Cooper,  Jr.,  Lieutenant  Commander,  United  States  Navy 


6      REPOR  T    D A  TE 

December    1 96  9 

CONTRACT    OR    GRANT    NO. 


b.  PROJEC  T  NO 


7a.  TOTAL  NO.  OF  PAGES 

108 


7b.    NO.    OF    REFS 

10 


9a.    ORIGINATOR'S    REPORT    NUMBER(S) 


9b.   OTHER   REPORT   NO(S)  (Any  other  numbers   that  may  be  assigned 
this  report) 


10      DISTRIBUTION    STATEMENT 

This  document  has  been  approved  for  public  release  and  sale; 
its  distribution  is  unlimited. 


11      SUPPLEMENTARY    NOTES 


12.    SPONSORING    MILITARY    ACTIVITY 


Naval  Postgraduate  School 
Monterey,  California  939^0 


13   ABSTRACT 


This  paper  de 
System,  a  compute 
information  proce 
program  is  compos 
processing  tasks 
task  would  be  to 
criteria  and  then 
the  criteria.  Fo 
ting  capabilities 

Included  in  t 
a  bibliographical 
the  input  deck  an 
III  through  VII  c 
prepare  an  input 
tation  is  contain 


scribes  the  General  Information  Processing 
r  program  designed  to  serve  a  variety  of 
ssing  applications.   An  input  deck  to  the 
ed  of  a  data  base  and  a  description  of  the 
to  be  performed  on  that  data.   A  typical 
screen  the  data  base  according  to  given 

output  information  from  the  data  that  met 
r  output,  the  system  has  flexible  format- 
he  paper,  in  Section  II,  is  an  example  of 

application,  complete  with  a  listing  of 
d  the  output  that  was  produced.   Sections 
ontain  detailed  instructions  on  how  to 
deck.   A  description  of  system  implemen- 
ed  in  Section  VIII. 


DD 


FORM 

I    NOV    65 

S/N    01 01 -807-681 1 


1473 


(PAGE    1 ) 


109 


UNCLASSTF'I  F  D 


Security  Classification 


»     » 140.1 


UNCLASSIFIED 


Security  Classification 


KEY  WORDS 


INFORMATION  RETRIEVAL 

GENERAL  INFORMATION  PROCESSING 

NON-ARITHMETIC  PROCESSING 


DD 


FORM 

1    NOV    68 


1473  <back> 


S/N  0101-807-6821 


110 


UNCLASSIFIED 


Security  Classification 


A-  3 1 40? 


thesC75404 

The  general  information  processing  syste 


3  2768  002  09410  4 

DUDLEY  KNOX  LIBRARY 


